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\  Abstract 

'^An  analog  computer  simulation  was  used  to  model  the 
roll  dynamics  of  the  generic  aircraft  which  had  been  evalu¬ 
ated  on  the  variable  stability  NT-33A  .11  craft.  Sum  of  sine 
waves  and  random  step  functions  were  used  as  the  two  differ¬ 
ent  command  signals.  The  purpose  of  this  study  was  to  deter¬ 
mine  what  effect  the  nature  of  the  command  signal  had  on  the 
pilot  rating  of  the  task  simulation,  y 

The  experiments  consisted  of  fourteen  different  tests 
for  each  command  signal.  Five  pilots,  wirli  varied  flying 
experience,  were  instructed  to  follow  the  command  signal  in 
a  pursuit  flying  task.  The  system  time  delay  was  varied  from 
0.1  to  0.8  seconds.  The  highest  frequency  component  of  the 
input  signal  was  2.54  radians/second.  The  subjects  used  a 
control  stick  while  looking  at  an  oscilloscope  displaying 
the  command  signal  and  the  subjects 's  response.  RMS  error, 
time  on  target,  and  the  Cooper-Harper  rating  scale  were  used 
as  performance  measures. 

The  experiments  showed  that  the  subjects  considered 
the  sum  of  sine  waves  task  closer  to  an  actual  flying  task. 
In  addition,  as  the  time  delay  was  decreased,  the  subjects 
preferred  K/s-like  dynamics. 
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EXPERIMENTAL  TESTING  OF 
FLYING  QUALITIES  THE0:'.1HS 

I .  Introduction 


Background 

The  increasingly  complex  control  systems  of  modern 
fighter  aircraft  have  resulted  in  closed -loop  system  dyna¬ 
mics  substantially  different  from  traditional  flight  dyna¬ 
mics.  Because  of  these  differences,  it  is  nearly  impossible 
to  accurately  predict  pilot-aircraft  performance  and  pilot 
rating  for  many  of  the  aircraf t/cont ; ol  systems  now  being 
tested  or  designed.  The  small  data  base  on  handling  quali¬ 
ties  of  modern  aircraft  (or  high-order  systems)  compounds 
the  difficulty.  Traditional  aircraft  flight  dynamic  charac¬ 
teristics  for  favorable  pilot  ratings  on  different  levels  of 
flying  quality  are  contained  in  the  old  Military  Specifica¬ 
tion,  MIL-F-8785B.  However,  because  the  modern  system  dyna¬ 
mics  which  increase  the  aircraft  capabilities  and  add  to  its 
complexity,  the  criteria  in  that  Military  Specification  are 
not  adequate  to  evaluate  or  predict  the  the  flying  qualities 
of  modern  aircraft/control  systems  (Ref  2).  This  situation 
provided  the  motivation  for  the  simulations  reported  in  this 
thesis,  as  well  as  the  revision  to  the  Specification, 
MIL-F-8785C  (Ref  1). 

Current  aircraft  modeling  concepts  can  shed  some 
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light  on  predicting  the  flight  qualities  of  new  aircraft  by 
man-in-the-loop  simulations.  One  can  place  a  pilot  in  a  sys¬ 
tem  simulation  programmed  with  the  proper  aircraft  equations 
of  motion  and  control  systems  dynamics  where  the  pilot- 
aircraft  performance  can  be  observed. 

Two,  of  many,  previous  studies  were  done  for  the  Air 
Force  Wright  Aeronautical  Laboratories/Flight  Dynamics  Lab¬ 
oratory  (AFWAL/FDL)  by  the  Calspan  Advanced  Technology  Cen¬ 
ter  using  the  USAF/Calspan  variable  stability  NT-33A  air¬ 
craft.  The  NT-33A  is  a  test  bed  used  to  study  the  effects  of 
different  control  system  dynamics  (Refs  2;  3). 

Up  until  the  recent  NT-33A  studies  (Refs  3;  5),  the 
prevailing  theory  was  that  K/s-like  dynamics  are  the  ideal 
transfer  function.  Earlier  studies  with  the  NT-33A  suggested 
similar  conclusions.  However,  very  little  data  were  avail¬ 
able  to  reach  a  definite  conclusion.  The  origin  of  using 
ideal  dynamics  represented  by  the  simple  transfer  function 
K/s  was  obtained  during  ground-based  compensatory  tracking 
tasks  using  a  sum  of  sine  waves  signal  for  the  input.  A  com¬ 
pensatory  tracking  task  is  one  where  the  subject  sees  only 
the  system  error  and  tries  to  correct  this  error.  The  recent 
NT-33A  experiments,  however,  used  a  pursuit  task  in  an  air¬ 
borne  flight  with  step  inputs.  A  pursuit  task  shows  both 
command  signal  and  aircraft  position,  the  difference  between 
the  two  is  the  error.  The  purpose  of  this  thesis  is  to  use  a 
ground-based  experiment  to  evaluate  the  differences  in  ex¬ 
perimental  conditions. 
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The  Air  Force  Wright  Aeronautical  Laboratories, 
(AFWAL)  Wright-Patterson  AFB,  is  interested  in  this  research 
for  possible  application  to  future  specifications. 

Problem 

AFWAL  desires  the  simulation  of  the  dynamics  used  in 
the  NT-33A  duplicated  in  the  laboratory  and  a  comparison  of 
these  ground  results  v»ith  the  actual  flight  data.  The  speci¬ 
fic  tasks  required  are: 

1.  Determine  the  effect  the’,  'he  type  of 
tracking  command  (random  vs.  step)  has  on 
the  pilot  rating  during  a  roll  tracking  task 
with  various  roll  time  constants. 

2.  Determine  the  effect  of  stick  sensiti¬ 
vity  (gain)  on  pilot  rating  for  these  same 
cases  . 

3.  Develop  a  data  base  of  simplified  low 
order  equivalent  system  result. s  that  can  be 
used  to  predict  the  handling  qualities  for 
high  order  models  in  the  pitch  axis. 

Scope 

The  experiment  is  concerned  only  with  studying  the 
flying  qualities  of  the  dynamics  used  in  the  NT-33A  air¬ 
craft  as  simulated  on  the  Electronic  Associates  Incorporated 
(EAI)  2000  Analog  Computer.  The  roll  task  has  two  different 
inputs.  The  first  test  examines  the  roll  task  with  a  sum  of 
sine  waves  input.  The  other  test  uses  a  random  square  wave 
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input.  The  pitch  task  uses  only  the  sum  of  sine  waves  as  an 
input . 

Three  performance  measures  ara  used.  The  Cooper- 
Harper  Pilot  Opinion  Rating  Scale  (Fig  1)  is  be  the  sub¬ 
jective  performance  measure,  while  RMS  error  and  time  on 
target  are  the  objective  performance  measures.  A  per¬ 
formance  measurement  is  an  evaluation  of  how  well  a  system 
operates  (i.e.,  how  well  the  output  follows  the  input  or  how 
small  the  error  can  be  maintained  over  a  given  period  of 
time ) . 

Assumptions 

1.  The  Aeronautical  Systems  Division  (ASD)  EAI  2000 
Analog  computer  will  be  a  good  representation  of  the  dyna¬ 
mics  simulated  with  the  NT-33A. 

2.  The  volunteer  pilots  will  he  a  good  representa¬ 
tion  of  USAF  "line"  pilots. 

Approach 

The  pitch  (Ref  7)  and  roll  (Refs  3;  5)  equations 
were  provided  by  AFWAL.  Chapter  II  discusses  the  experimen¬ 
tal  approach  and  how  the  equations  were  implemented  on  the 
EAI  2000  Analog  computer.  Chapter  III  presents  the  results, 
problems  encountered  during  the  simulation,  and  observa¬ 
tions.  Chapter  IV  presents  conclusions  and  further  recommen¬ 
dations  resulting  from  this  study.  Tne  appendices  contain 
additional  pertinent  information  and  tabulated  results. 
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DEFINITIONS  FROM  TN-D.5153 


COMPENSATION 

Th«  measure  of  additional  pilot  effon 
and  attention  required  to  maintain  a 
given  level  of  performance  in  the  face  of 
deficient  vehicle  characteristics. 

HANDLING  QUALITIES 
Those  qualities  or  characteristics  of  an 
aircraft  that  govern  the  ease  and  preci¬ 
sion  with  which  8  pilot  is  able  to  perform 
the  tasks  required  in  support  of  an  air¬ 
craft  role. 

MISSION 

The  composite  of  pilot-vehicle  functions 
that  must  be  performed  to  fulfill  opera¬ 
tional  requirements.  May  be  specified  for 
a  role,  complete  flight,  flight  phase,  or 
flight  subphase. 


Ptfli-ORMANCE 

The  precision  of  control  with  respect  to 
aircraft  movement  that  a  pilot  is  able  to 
achieve  m  performing  a  task.  (Pilot- 
vehicle  performance  is  a  measure  ol 
handling  performance.  Pilot  perform¬ 
ance  IS  a  measure  of  the  manner  or 
efficiency  with  which  a  pilot  moves  the 
principal  controls  m  performing  a  task.) 

ROLE 

The  function  or  purpose  that  defines  the 
primary  use  of  an  aircraft 

TASK 

The  actual  work  assigned  a  pilot  to  be 
performed  in  completion  ol  or  as  repre¬ 
sentative  of  a  designated  flight  segment 


WORKLOAD 

The  integrated  physical  and  mental  efiort  required 
to  perform  a  specified  piloting  task. 


Fig  1.  Cooper-Harper  Pilot  Rating  Scale 
(Ref  3) 
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Experimental 


)roach 


General 

This  thesis  documents  the  experimental  study  of  the 
dynamics  of  the  roll  and  pitch  axes  of  conventional  aircraft 
(Fig  2).  The  roll  task  will  have  two  alternate  inputs,  a  sum 
of  sine  waves  and  a  random  step  function.  The  pitch  task 
will  deal  only  with  the  sum  of  sine  waves  input.  All  experi¬ 
ments  took  place  in  Building  676,  the  Aeronautical  Systems 
Division  (ASD)  computer  center.  The  roll  and  pitch  equations 
were  simulated  on  the  EAI  2000  analog  computer.  A  control 
stick  obtained  from  bench  stock  was  used  (Fig  3).  The  stick 
was  free  to  move  in  both  the  pitch  and  roll  axes.  More  de¬ 
tailed  information  on  the  stick  is  found  in  Appendix  A.  The 
stick  was  used  by  the  pilot  to  follow  the  command  signal  in 
a  pursuit  environment.  Only  one  axis  of  the  stick  was  used 
per  task.  The  command  and  stick  signals  were  displayed  on  a 
dual  trace  Tektronics  oscilloscope,  type  454  (Fig  4).  The 
flying  W  represents  the  pilot's  simulated  aircraft.  The 
pilots  were  instructed  to  maintain  minimum  error  between  the 
command  signal  and  the  flying  W  (Fig  5). 


Experimental  Setui 


The  simulation  was  performed  on  the  EAI  2000  analog 


computer.  Figure  6  shows  a  simplified  block  diagram  of  the 

system.  The  analog  circuitry  of  the  system  (see  Appendix  B) 
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was  installed  on  the  EAI  2000  in  the  normal  fashion  with 
output  displayed  on  the  oscilloscope.  The  pilot  was  in¬ 
structed  to  minimize  error  by  moving  the  control  stick  in 
the  proper  direction.  All  runs  were  timed  for  90  seconds. 
The  RMS  error  and  time  on  target  were  monitored  and  kept  on 
MODCOMP  Classic  IV  hook-up. 

Simulator 

Figure  7  shows  the  simulator  setup  for  this  experi¬ 
ment.  It  consists  of  a  flat  chair  (no  wheels),  the  stick, 
and  a  dual  trace  oscilloscope.  The  stick  polarity  was  set 
similar  to  an  aircraft  stick.  Force  applied  away  from  the 
subject  caused  the  W  to  move  down  and  vice  versa.  Since  the 
simulation  was  flown  one  axis  at  a  time,  it  would  not  be 
possible  to  perform  roll  and  pitch  motion  at  the  same  time. 
For  each  task  the  pilot  was  given  several  practice  runs 
until  he  felt  comfortable  with  the  task  and  apparatus.  Dis¬ 
tance  between  pilot  and  scope  varied  with  the  pilot  con¬ 
cerned.  On  the  average,  the  distance  was  two  feet  from  the 
head  of  the  pilot  to  the  oscilloscope.  All  the  pilots  used 
the  stick  as  a  center  stick. 

Aircraft  Equations 

The  roll  equation  used  is  the  same  used  by  Monagan 
(Ref  3).  The  pitch  equation  came  from  NASA  contractor  report 
CR-2144  (Ref  7).  The  equations  are  shown  below. 

Roll  equation: 
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Pitch  equation; 
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Fade's  approximation  for  e”^^  was  used  in  the  pitch 
simulation.  All  analog  circuit  drawings  appear  in  Appendix 

B. 

Fade's  approximation: 


-  TS 


2  -  TS 
2  ♦  TS 


(3) 


Command  Signals 

The  sum  of  sine  waves  command  signal  is  similar  to 
the  one  used  in  AFFDL-TR-65-15 .  This  experiment  uses  six 
different  sine  waves  because  of  equipment  limitations.  The 
frequency  components  for  the  sine  wave  are  shown  in  Table  1. 
Each  sine  wave  had  a  peak  voltage  of  one  volt  to  ensure  the 
command  signal  would  not  go  off  the  face  of  the  scope  (6 
volts).  This  signal  was  used  for  roll  and  pitch. 

The  random  step  function  used  the  sum  of  sine  wave 
signal  as  both  a  trigger  to  start  the  random  appearing  step 
and  set  the  value  for  the  step  voltage.  A  more  detailed  ex¬ 
planation  of  both  circuits  appears  in  Appendix  B. 
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TABLE  1 

Sum  of  Sine  Waves 
(Ref  4) 


During  a  tracking  task  the  pilot  is  aware  of  two 
parameters,  his  position  and  the  target's  position.  A  dif¬ 
ference  between  the  two  positions  is  an  error.  The  pilot 
task  is  to  minimize  the  error.  In  this  simulation,  the  com¬ 
mand  signal  is  a  horizontal  line  on  the  scope.  The  command 
signal  in  the  pitch  axis  moves  up  or  down  and  will  not  go 
off  the  face  of  the  scope.  For  the  roll  task,  the  command 
signal  rotated  34  degrees  left  or  right  on  the  scope  because 
of  equipment  limitations.  A  typical  presentation  of  botli 
tasks  is  shown  in  Fig  4.  To  correct  the  pitch  error  dis¬ 
played,  the  pilot  must  pull  back  or  push  forward  on  the 
stick,  causing  the  W  to  rise  or  fall  and  follow  the  command 
signal.  To  correct  the  roll  error,  the  pilot  must  push  the 
stick  toward  the  left  or  right,  which  will  make  the  W  rotate 
in  the  direction  of  the  command  signal. 

During  the  first  roll  tests,  pilots  were  confused  as 
to  which  signal  was  which  when  the  W  and  command  signals 
were  superimposed.  To  eliminate  this  confusion,  the  signals 
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were  separated  by  two  divisions  on  the  scope  face.  This  con¬ 
fusion  did  not  occur  in  the  pitch  task. 


A  normal  run  began  with  the  cc-uiiaud  and  W  lines  hor¬ 
izontal  on  the  scope  face,  with  no  initial  conditions.  The 
pilots  were  instructed  to  keep  the  error  at  zero  for  90  per¬ 
cent  of  the  time  for  as  long  as  possible.  When  the  pilot  was 
ready,  the  computer  operator  started  the  command  signal. 
Then  the  pilot  began  tracking  his  target.  The  data  variables 
monitored  were  command  signal,  stick  output  (6),  error, 
pitch  or  roll  rate,  RMS  error  and  time  on  target.  RMS  error 
and  time  on  target  were  read  on  a  digital  printout,  while 
the  other  signals  were  on  a  strip  cha’t.  Each  run  was  90 
seconds  long.  Figure  7  shows  a  typical  strip  chart  recording 
for  the  experiment. 

The  Gathering  of  Data 

Once  the  position  of  the  stick  and  scope  were  ad¬ 
justed  for  the  comfort  of  the  pilot,  a  training  period 
began.  A  training  period  consisted  of  as  many  runs  as  the 
pilot  wished,  usually  three  to  five  runs.  Tliis  allowed  for 
further  adjustment  of  the  stick,  scope  and  chair,  as  well  as 
familiarity  with  the  task  involved.  The  testing  began  wlien 
the  pilot  was  ready. 

The  roll  task  consisted  of  fourteen  runs.  These 
runs  were  made  up  of  four  sets  of  three  runs  and  one  set  of 
two  runs.  During  each  set  of  runs,  Tj^  would  remain  the  same 
and  stick  gain  would  vary.  For  the  last  run  of  each  set,  the 


subject  was  asked  if  the  task  could  be  improved.  If  so, 
which  run  was  preferred.  Should  the  stick  act  more  like  task 
A,  task  B,  or  someplace  in  between?  The  subject  would  then 
fly  a  45-second  test  run.  This  allowed  him  to  judge  if  the 
stick  characteristics  were  improved.  This  testing  procedure 
continued  until  optimum  performance  of  the  system  was 
reached.  Then  the  subject  would  fly  the  new  system  for  a 
recorded  90  seconds. 

At  no  time  did  the  subject  know  what  parameter  had 
changed.  He  only  knew  the  stick  would  handle  differently, 
and  his  preference  was  used  to  improve  the  system.  After 
completing  each  run,  the  subject  was  asked  for  comments  and 
a  Cooper-Harper  rating  for  the  task.  He  was  reminded  not  to 
rate  himself,  but  the  task. 

To  present  the  tasks  in  a  random  fashion,  all  sub¬ 
jects  were  started  on  a  different  set  of  tasks.  For 
instance,  SF  began  the  roil  task  with  sum  of  sine  waves  test 
one  and  ended  with  test  fourteen.  DS  started  with  sum  of 
sine  waves  test  four  and  ended  with  test  three.  This  allowed 
for  a  randomized  test.  Table  2  lists  the  parameters  tested 
(Ref  3).  However,  these  parameters  were  not  actually  tested 
due  to  an  error.  The  details  are  discussed  in  Chapter  III. 

The  pitch  task  was  cancelled  due  to  problems  with 
the  simulation.  The  details  are  also  discussed  in  Chaptet 
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TABLE  2 


Parameters  and  Values 


(Ref  3) 

Variable 

Tested  Parameter 

.1,  .15,  .25,  .45,  .8 

sec 

^SS 

t — 

10,  25  Set  by  Pilot 

^AS 

(deg/sec)/lb 

Fig  2.  Pitch  and  Roll  Axes 


Fig  4.  Oscilloscope  Display 


PITCH 


HOUU  ta&k 


Fig  5.  Task  Displays 
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III.  Experimental  Results 


This  chapter  contains  the  data  from  all  the  experi¬ 
mental  runs  with  the  five  subjepts.  The  probleris,  observa¬ 
tions  and  results  are  also  presented  and  discussed. 

Pitch  Task 

The  pitch  task  was  never  accomplished  due  to  a  stick 
"bobble"  which  appeared  in  the  scope  display  during  the  ini¬ 
tial  tests.  A  bobble  is  a  continued  movement  of  the  subject 
response  (W)  when  no  force  is  applied.  The  subjects  noticed 
that  the  W  on  the  scope  would  make  a  slight  downward  move¬ 
ment  after  the  desired  response  was  complete.  This  problem 
was  later  traced  to  the  simulated  pitch  equation.  The  con¬ 
nections  to  the  control  stick  were  interchanged  to  allow  the 
pitch  axis  to  be  connected  to  the  roll  equation  and  vice 
versa.  After  the  connections  were  made,  the  pitch  display 
had  no  bobble  but  the  roll  did.  This  procedure  eliminated 
the  control  stick  as  the  problem,  leaving  the  simulation 
equation  as  the  source  of  the  bobble. 

As  a  result,  the  roll  tests  were  continued  while 

attempting  to  solve  the  problem  with  the  pitch  equation. 

This  problem  was  very  disturbing  since  the  equation  is  an 

actual  description  for  the  T-33  pitch  dynamics.  The  problem 

was  never  rectified,  and  we  still  do  not  know  why  the  bobble 

is  present.  To  continue  the  research,  other  equations  recom- 
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mended  by  AFWAL  were  simulated.  The  second  equation  is  shown 
below : 

K(s  +  4) 

— P - r -  ^ 

s  (-^  +  2— s  +  1 ) 

Although  this  equation  is  very  similar  to  the  original  equa¬ 
tion,  this  simulation  was  not  stable.  Recently  another  much 
simpler  equation  was  simulated  on  the  EAI  2000,  and  no 
bobble  or  instability  problems  occurred.  The  simpler  equa¬ 
tion  is  shown  below: 


Uue  to  the  coordination  needed  for  ASD  employees  to  be  pre¬ 
sent  during  test  runs,  conflicts  with  subject  pilots'  sche¬ 
dules  and  the  small  amount  of  time  left  for  further  re¬ 
search,  this  last  equation  was  not  pursued  any  further.  It 
was  decided  to  document  what  had  happened  and  recommend  that 
the  last  equation  be  used  for  further  research.  The  sche¬ 
matic  diagram  for  Eq  (5)  is  found  in  Appendix  F. 

If  the  pitch  equation  had  no  problems,  the  data 
would  have  been  used  to  start  a  data  base  for  low-order 
equivalent  system  results  to  aid  in  predicting  the  handling 
qualities  of  high-order  systems. 
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Roll  Task 


Table  2  (Chapter  II)  shows  the  original  values  for 
the  proposed  test  parameters.  These  parameters  were  not 
tested  due  to  a  factor  not  accounted  for  in  the  roll  simula¬ 
tion.  Therefore  the  values  shown  in  Table  3  were  tested.  To 
switch  from  one  test  to  another  in  the  simulation,  one 
potentiometer  was  used  to  set  the  value  for  K,  Typing  in  the 
value  for  time  delay  on  the  CRT  set  the  value  for  t^.  After 
the  results  were  examined  in  detail,  it  was  discovered  the  K 
potentiometer  included  a  Tj^  factor  which  was  not  accounted 
for.  This  unaccounted  factor  changed  all  the  values  for  K 
and  Table  3  shows  the  actual  parameters 
tested . 


TABLE  3 


Actual  Tested  Values 


T 

sec 

K 

deg/sec* 

^SS^^AS 
deg/ sec 
lb 

0.1 

166.66 

0.15 

1111.11 

66.66 

0.15 

444.44 

66.66 

0.25 

400.00 

100.00 

0.25 

160.00 

40.00 

0.45 

49.38 

22.22 

0.45 

123.42 

55.54 

0.8 

15.63 

12.50 

0.8 

39.10 

31.28 

Itil  u  ;  K  optimum  was 

set  by  the  subject  tsee  Tables  4  and  5) 

A  summary  of  the  results  in  tabulated  form  is  found 
in  Tables  4  and  5.  The  tables  show  the  14  different  tasks, 
pilot  ratings,  time  on  target  (TOT),  RMS  error,  and  the 
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optimum  gain  (K)  values  for  the  two  different  inputs.  Please 
note,  ^sS'^^AS  above  75  are  not  attainable  with  real 
aircraft.  Since  the  error  was  not  discovered  until  after  the 
data  were  taken,  all  the  data  and  parameters  are  displayed 
to  establish  trends  within  the  data. 

All  the  pilots  agreed  that  the  sum  of  sine  waves 
tusk  appeared  .to  act  more  like  an  airplane  flying  task  when 
compared  to  the  step  function  input.  Several  pilots  com¬ 
mented  that  the  step  function  input  task  was  superficial  and 
did  not  "act  like  an  airplane."  Furthermore,  the  random  step 
task  was  easy,  and  they  knew  more  than  enough  time  was 
available  to  minimize  the  error  between  signals.  More  infor¬ 
mation  regarding  pilot  experience  is  found  in  Appendix  D. 
Pilot  comment  data  is  found  in  Appendix  E. 

Time  on  Target 

Figures  9  through  16  show  the  pilot  rating  versus 
time  on  target  data  for  the  two  different  inputs.  The  random 
step  data  do  not  show  any  apparent  consistent  trends.  It  is 
suspected  the  subjects  were  not  sensitive  to  this  measure 
except  where  the  time  delay  was  high  (t  =  0.8).  The  sum  of 
sine  waves  data,  on  the  other  hand,  show  definite  trends. 
All  the  tests  (except  t  -  0.1)  show  that  all  the  pilots  gave 
low  ratings  for  high  time  on  target  results.  The  subjects 
were  better  able  to  evaluate  the  dynamics  for  the  sum  of 
sine  waves  task  and  were  certainly  more  consistent  with  each 
other.  The  high  ratings  (poor  performance)  reflected  direct- 
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ly  the  degree  of  pilot  compensation  and  workload  needed  to 
minimize  the  error  for  each  task.  In  comparison,  the  sum  of 
sine  waves  data  shows  more  sensitivity  and  the  subjects  were 
better  able  to  judge  their  task,  since  high  time  on  target 
tasks  received  low  ratings.  Probably  the  degree  of  pilot 
compensation  and  workload  account  for  the  higher  ratings  for 
the  square  wave  task.  In  addition,  there  was  more  consis¬ 
tency  in  pilot  ratings  between  the  sum  of  sine  waves  task  as 
compared  to  the  step  function. 

RMS  Error 

Figures  17  through  21  show  the  pilot  rating  versus 
RMS  error  for  the  two  different  inputs.  Again,  the  data  show 
inconsistencies  for  the  random  step  data  and  definite  trends 
for  the  sum  of  sine  waves  data.  The  subjects  appear  to  be 
more  sensitive  to  RMS  error  data  due  to  the  data  lines  not 
being  as  steep  as  the  time  on  target  data. 

The  high  pilot  ratings  for  high  RMS  error  and  vice 
versa  seem  reasonable.  The  data  for  the  random  step  show  the 
subjects  were  more  sensitive  to  this  measure,  but  they  were 
not  consistent  (except  where  x  =  0.8).  In  comparison,  the 
sum  of  sine  waves  data  show  a  definite  agreement  among  the 
ratings  and  lower  ratings  were  given  for  lower  RMS  error. 
Again,  the  high  ratings  are  a  measure  of  how  much  pilot  com¬ 
pensation  is  necessary  to  manage  the  workload. 


Figure  22  is  a  composite  for  all  the  time  delays 
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versus  pilot  ratings  for  those  values  of  K  that  were  chosen 
by  the  subjects.  At  the  top  of  the  graphs  are  the  average 
optimized  stick  gains.  As  can  be  readi’y  seen,  there  is  very 
little  difference  between  the  two  different  inputs.  However, 
it  is  interesting  to  note  that  the  subjects  preferred  higher 
gains  for  lower  time  delays  and  higher  gains  were  preferred 
for  the  sum  of  sine  waves  task  when  compared  to  the  step 
function.  This  figure  clearly  shows  K/s-like  dynamics  were 
preferred  for  both  inputs. 

Stick  Gain  (K) 

Figures  23  through  29  show  stick  gain  versus  pilot 
rating.  The  higher  the  gain,  the  more  sensitive  the  stick 
reacts  to  stick  input.  For  the  step  input,  the  inconsisten¬ 
cies  continue  and  no  trends  are  shown.  For  the  sum  of  sine 
waves,  however,  a  definite  trend  is  shown.  First,  the  sub¬ 
jects  were  most  sensitive  to  stick  gain.  In  addition,  the 
subjects  were  very  consistent.  The  subjects  generally  gave 
the  higher  gains  lower  pilot  ratings.  When  t  was  equal  to 
0.15  (very  responsive  aircraft),  an  optimum  gain  was  ob¬ 
tained  between  600  and  900.  This  illustrates  that  after  a 
certain  point  high  pilot  ratings  were  given,  the  gain 
reached  a  point  where  the  simulation  was  just  too  respon¬ 
sive.  This  is  why  no  straight  trends  lines  appear  in  Fig  28. 
(Since  this  was  a  trend  in  itself,  this  author  connected  the 
points  with  straight  lines  to  emphasize  the  agreements  bet¬ 
ween  all  of  the  subjects  for  stick  gain  where  t  =  0.15.) 
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To  correlate  the  runs,  mean  RMS  error  and  time  on 
l/irget  were  graphed  in  Figs  30  and  31.  It  was  expected  that 
a  simulation  resulting  in  a  low  RMS  error  and  high  time  on 
target  would  reflect  "good"  flying  qualities  and  "low"  pilot 
ratings.  For  the  random  step  this  was  not  the  case  (Fig  30). 
In  fact,  this  result  agrees  withMonagan  (Ref  3).  There  was 
no  apparent  correspondence  between  time  on  target,  RMS  error 
and  pilot  rating.  For  the  sum  of  sine  waves,  on  the  other 
hand.  Fig  31  shows  a  definite  correlation  between  the  three 
different  levels  of  flight  characteristics.  This  figure 
definitely  shows  "poor"  flying  qualities  tend  to  be  associ¬ 
ated  with  higher  RMS  errors  and  with  low  time  on  target. 
Arcs  are  shown  between  what  might  be  considered  the  three 
different  levels  of  flying  qualities.  This  agrees  with 
Onstott  (Ref  12).  Onstott  concluded  that  a  pilot  will  toler¬ 
ate  more  sluggish  response  in  a  given  flying  level  if  the 
resulting  time  on  target  is  good. 

Figures  32  and  33  compare  stick  gain  versus  time 
delay  with  the  flying  quality  level  shown.  All  that  can  be 
deduced  from  these  figures  is  that  the  subjects  preferred 
low  time  delays  with  high  gains.  However,  the  data  points  to 
the  extreme  right  should  not  be  considered  valid  since  these 
gains  cannot  be  attained  with  real  conventional  aircraft. 
These  points  are  displayed  only  to  show  trends.  Note,  as  t 
decreased,  the  subjects  preferred  higher  stick  gains  and  the 
rating  improved,  indicating  a  preference  for  "K/s-like"  sys¬ 
tems.  This  data  is  in  direct  conflict  with  Chalk  and 
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t. 


Monagan.  However,  the  difference  could  be  due  to  motion 
effects  present  in  the  NT-33  experiment  and  not  here.  Add 
this  conflict  to  the  extremely  consistent  data  with  the  sum 
of  sine  waves  command  signal  tests  and  a  question  arises. 
Namely,  are  random  step  function  command  signals  useful  in 
defining  flight  characteristics  alone  or  should  a  variety  of 
different  command  signals  be  used?  The  data  seem  to  speak 
for  themselves. 

In  summary,  the  experimental  results  show  the  sub¬ 
jects  preferred  K/s-like  aircraft  characteristics.  Figure  21 
clearly  illustrates  that  as  t  decreased,  pilot  ratings  im¬ 
proved  for  the  two  different  inputs.  In  addition,  the  above 
results  certainly  lead  one  to  question  why  the  step  signals 
were  used.  It  might  also  be  recommended  that  step  functions 
not  be  used  as  the  only  inputs  to  define  flying  characteris¬ 
tics. 
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(Random  Step) 


Fig  JO.  PR  vs  Time,-  on  Turgot  (Random  Sl(;p) 
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Fig  15.  PK  vs  lime  on  Target  (Sum  of  Sine  Waves) 


Fig  18.  PR  vs  RMS  Hrror  (Random  Step} 
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Fig  31.  Mean  RMS  Error  vs  Time  on  Target 
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IV.  Summary,  Conclusions  and  Recommendations 


The  purposes  of  this  thesis  were  to  determine  what 
effect  the  type  of  command  input  has  on  the  pilot  rating 
during  a  roll  tracking  task  with  various  time  constants, 
determine  the  effect  of  stick  sensitivity  on  pilot  rating 
for  those  same  cases,  and  collect  data  on  the  pitch  axis  to 
compare  with  high  order  systems.  Early  in  the  study  a  prob¬ 
lem  (still  not  resolved)  arose  with  the  pitch 
simulation .Data  collection  continued  with  the  roll  axis 
simulation.  After  all  the  roll  data  were  taken,  an  algebraic 
error  was  discovered  in  the  roll  simulation.  An  extra  factor 
was  not  accounted  for.  This  factor  changed  all  of  the  stick 
gain  results.  However,  the  data  were  recalculated  to  account 
for  the  newly  discovered  factor;  the  revised  data  showed 
that  some  of  the  configurations  tested  are  not  attainable  in 
today's  normal  aircraft.  Instead  of  discarding  the  data,  the 
results  were  used  to  show  trends  and  form  conclusions  based 
on  all  the  data.  These  trends  are  coi. ordered  valid. 

In  short,  all  of  the  random  step  data  were  incon¬ 
sistent.  When  all  three  performance  measures  were  used, 
there  were  no  correlations  that  could  be  definitely  made 
between  the  data.  For  the  sum  of  sine  waves  data,  there  are 
many  signs  of  trends  between  performance  measures  and  the 
data  were  consistent,  even  between  different  pilots.  The 
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subjects  continually  gave  low  pilot  ratings  for  high  time  on 
targets,  low  RMS  errors,  and  high  stick  gains.  In  addition, 
subjects  optimized  their  stick  gains  when  time  delay  de¬ 
creased.  Finally,  all  the  subjects  preferred  "K/s-like" 
dynamics  as  the  time  delay  was  decreased.  This  ccnclusion  is 
in  direct  conflict  with  both  Monagan  and  Chalk. 

It  should  be  remembered  that  Monagan  and  Chalk's 
studies  were  on  an  actual  aircraft  with  motion.  The  current 
studies  were  performed  on  a  fixed-base  simulator.  The  ob¬ 
vious  difference  between  the  two  are  the  effects  of  motion 
and  actual  flight.  These  factors  cannot  be  accounted  for  in 
the  simulator.  Clearly  further  study  with  more  pilots  and  a 
motion  simulator  is  needed  before  assuming  any  definite  con¬ 
clusions.  In  addition,  it  is  recommended  that  any  future 
flight  tests  include  sum  of  sine  waves  command  signals,  and 
the  experimenters  compare  these  test  results  with  the  other 
test  data. 

This  thesis  did  bring  out  the  fact  that  a  sum  of 
sine  waves  command  signal  (highest  frequency  2.54 
radians/sec)  is  preferred  by  subjects  and  does  lead  to  K/s- 
like  dynamics  for  time  delay  between  0.1  and  0.8  seconds  as 
most  desirable,  at  least  when  no  motion  is  present.  Thus, 
prevailing  theories  are  still  appropriate  and  one  might 
question  the  conclusions  of  both  Chalk  and  Monagan  because 
of  the  inconsistencies  associated  with  the  step  data.  Fur¬ 
thermore,  it  is  recommended  that  future  inflight  testing 
with  the  NT-33  include  sum  of  sine  waves  command  signals. 
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APPENDIX  A 

CALIBRATION  OF  THE  CONTROL  STICK 
AND  ROLL  SIMULATION 

As  mentioned  previously,  a  control  stick  obtained 
from  bench  stock  was  used  in  these  experiments.  However, 
there  was  no  documentation  on  the  control  stick.  This  parti¬ 
cular  stick  was  used  only  because  the  pilots  had  no  experi¬ 
ence  with  a  force  stick,  the  only  other  stick  available.  The 
pilots  wanted  another  feedback  cue  other  than  just  the 
visible  display  on  the  scope,  and  a  force  stick  could  not 
accommodate  the  pilots  since  it  did  not  move.  The  control 
vtick  used  was  free  to  move  plus  or  minus  25  degrees  in  the 
roll  axis  and  plus  or  minus  20  degrees  in  the  pitch  axis.  By 
judging  the  movement  on  the  stick  with  the  W  on  the  scope,  a 
pilot  can  gage  his  force  necessary  to  follow  the  command 
signal.  In  addition,  all  pilots  have  had  experience  with  a 
moveable  control  stick  and  none  with  a  force  stick,  other¬ 
wise  additional  training  would  have  been  required. 

Stick  Calibration 

The  items  used  to  calibrate  the  stick  were  assorted 

weights,  string,  tape,  protractor  grid,  bearing  and  a 

needlepoint.  The  stick  was  secured  to  a  table  to  insure  no 

movement  of  the  base.  The  string  was  attached  to  the  center 

of  the  grip  and  placed  over  a  bearing  which  was  rigidly 
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attached  to  the  table.  The  end  of  the  cord  had  a  loop  to 
allow  for  the  weights  (Fig  A-1).  As  weights  were  placed  on 
the  end  of  the  string,  the  handle  would  deflect.  A  protrac¬ 
tor  grid  was  rigidly  placed  around  the  axis  of  movement  and 
a  needlepoint  was  attached  to  the  same  axis.  As  the  handle 
deflected,  a  reading  in  degrees  was  made.  This  procedure  was 
used  for  both  axes.  Tables  A-1  and  A-2  show  the  tabulated 
data,  and  Figs  A-2  and  A-3  show  the  graphed  data. 

TABLE  A-1 


Roll  Axis 


Left 

Right 

Pounds 

Degrees 

Pounds 

Degrees 

0.88 

0.5 

0.88 

0.5 

0.99 

0.5 

0.99 

1.0 

1.10 

0.5 

1.10 

1.5 

1.14 

0.5 

1.14 

7.0 

1.21 

1.0 

1.21 

13.5 

1.32 

2.0 

1.32 

25.0 

1.54 

6.0 

1.64 

20.0 

1.66 

25.0 

TABLE 

A-2 

Pitch 

Axis 

Forward 

Aft 

Pounds 

Degrees 

Pounds 

Degrees 

1.32 

0.5 

1.54 

0.5 

1.54 

0.5 

1.65 

0.5 

1.65 

0.5 

1.76 

0.5 

1.76 

0.5 

1.98 

1.0 

1.98 

1.0 

2.20 

4  .0 

2.20 

3.5 

2.31 

7  .0 

2.31 

7.5 

2.42 

12.5 

2.42 

13.5 

2  .64 

19.0 

2.64 

19.0 

2.68 

20.0 

2.68 

20.0 
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Pitch  Axis 


Stick  Wiring 

Since  there  were  no  wiring  diagrei.  a  of  the  control 
stick,  one  was  drawn  up  and  is  shown  in  Fig  A-4. 

Simulation  Calibration 


This  calibration  was  actually  used  to  verify  that 
the  same  values  of  Pgg^^AS  Monagan's  paper  were  used  for 
this  thesis.  This  calibration  led  to  the  discovery  that  the 
experiments  did  not  duplicate  Monagan  precisely.  The  poten¬ 
tiometer  controlling  the  value  of  K  had  an  extra  t  factor 
which  was  not  taken  into  account.  The  procedure  for  the 
calibration  removed  the  control  stick  and  replaced  it  with  a 
signal  of  one  volt  for  one  second.  This  procedure  was  re¬ 
peated  for  every  different  value  of  t  and  K.  The  output  of 
integrator  34  (♦)  was  then  measured  with  a  digital 
voltmeter.  Table  A-3  shows  the  calculated  and  measured 
results  for  ^sS'^^AS* 

TABLE  A-3 


Calculated  and  Measured  PsS'^^AS 


T 

sec 

Calculated 

K 

deg/sec^ 
lb  ■ 

^SS'^^AS 

deg/sec 

■  ■  i'5  ■ 

Measured 

*  ^SS'^^AS 

deg  deg/sec 

■  IF" 

0.45 

49.38 

22.22 

0.95 

21.83 

0.4S 

123.42 

55.54 

2.37 

54.48 

0.25 

400.00 

100.00 

4.14 

95.17 

0.25 

160.00 

40.00 

1.70 

39.08 

0.80 

15.63 

12.50 

0.54 

12.41 

0.80 

39.10 

31.28 

1.34 

30.80 

0.15 

1111.10 

166.66 

6.92 

159  .07 

0.15 

444  .44 

66.66 

2.80 

64.36 

0.10 

1000.00 

100.00 

4.14 

95.17 
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The  calculation  for  %s /PaS  required  several  factors. 

The  first  value  of  .012  Ib/deg  was  obtained  from  the  stick 

calibration.  The  7.83  deg/in  was  derived  from  the  amount  of 

stick  radius  moved  per  degree.  The  2.16  v/in  was  obtained 

from  Dammarell's  calibration  of  the  stick  (Ref  11).  *  was 

measured  from  the  output  of  integrator  34. 

deg  y  ^95,  deg/_s_ec  ^  21.83  deg/sec 

.012  lb  7.83  deg  in  v 

P  /F  =  21.83  (deg/sec)/lb 
SS  AS 

The  other  measured  values  of  P  AS  calculated  in  a 

similar  manner. 
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APPENDIX  B 
SCHEMATIC  DIAGRAMS 

The  EAI  2000  analog  computer  was  used  for  all  exper¬ 
iments.  The  pitch  and  roll  equations,  as  well  as  the  per¬ 
formance  measures,  were  all  prograrameu  on  one  board.  The 
descriptions  are  printed  with  the  permission  of  Electronic 
Associates  Incorporated  of  New  Jersey  (permission  statement 
included).  Before  detailing  each  diagram,  each  individual 
component  is  uescribed  below.  The  schematic  diagrams  show 
the  circuitry  used  to  implement  this  experiment.  The  simula¬ 
tion  was  accomplished  by  the  computer  technician. 

Oscilloscope  Images 

Figure  B-1  is  the  circuit  diagram  for  the  generation 
of  command,  subject  response  and  external  trigger  for  the 
oscilloscope.  Integrator  zero  produces  the  sawtooth  signal 
(labeled  X);  it  is  connected  directly  to  the  external  trig¬ 
ger  of  the  oscilloscope.  Signal  X  is  also  used  to  generate 
the  W.  The  output  of  summer  52  is  the  W  signal.  Switch  3 
allows  either  the  subject  pitch  (amp  71)  or  roll  (integrator 
34)  to  control  the  W  on  the  scope.  Switch  7  allows  either 
the  sum  of  sine  waves  (switch  67)  or  the  random  step  (switch 
25)  to  control  the  command  bar  on  the  scope.  Amplifiers  42, 
45,  46,  47,  and  51  make  up  the  slopes  for  the  W  signal. 


Pitch  and  Roll  Equations 

Figures  B-2  and  B-3  show  the  circuitry  for  the  pitch 
and  roll  simulations.  Since  it  would  be  too  cumbersome  to 
explain  each  connection  in  the  drawings,  the  equations  for 
each  signal  are  shown  as  the  output  for  the  amplifiers.  For 
continuity,  summer  71  (Fig  B-2)  and  integrator  34  (Fig  B-3) 
are  shown  in  Fig  B-1. 

Sum  of  Sine  Waves 

Figure  B-4  illustrates  the  sum  of  sine  waves  input 
signal.  The  signal  is  made  up  of  six  different  sine  waves. 
The  output  of  summer  67  is  the  total  sum.  Each  sine  wave  has 
a  peak  voltage  of  one  volt,  therefore,  the  maximum  peak  sig¬ 
nal  is  six  volts.  The  output  of  track/store  amp  6  is  used 
for  the  generation  of  the  random  step  function  (Fig  B-5). 
Switch  67  is  shown  in  Fig  B-1  for  continuity. 

Random  Step 

The  random  step  function  generator  is  shown  in  Fig 
B-5.  Comparator  31  compares  the  sum  of  sine  waves  signal  to 
one  volt.  The  comparator  inhibits  signal  changes  of  less 
than  one  volt  and  passes  greater  than  one  volt.  Counter  26 
counts  down  every  1.5  seconds.  The  track/store  circuitry  (o 
and  26)  ensure  a  pulse  change  at  least  every  two  changes  of 
flip  flop  11.  Therefore,  the  time  between  step  changes  is  at 
least  three  seconds.  Switch  25  is  shown  in  Fig  B-1  for  con¬ 
tinuity  . 
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Evaluation  Methods 


c. 


Figure  B-6  is  the  circuitry  used  to  evaluate  the  RMS 
error  and  time  on  target.  The  output  of  summer  126  is  the 
error  signal  and  it  is  used  by  both  the  RMS  error  and  time 
on  target  hardware.  Comparator  35  compares  the  error  with 
the  margin  of  error.  In  pitch  (pot  37)  the  margin  of  error 
is  one  division  on  the  scope  face.  The  margin  of  error  for 
roll  is  4  degrees  (pot  33)  in  slope  between  command  and  sub¬ 
ject  response.  The  comparator  inhibits  signals  greater  than 
the  margin  of  error.  The  increment  for  time  on  target  is  0.1 
volts/second.  The  time  on  target  value  is  stored  in  analog 
to  digital  port  number  3. 

The  error  is  fed  as  an  RMS  value  into  analog  to 
digital  port  number  1.  The  circuit  located  in  the  lower  left 
ensures  an  RMS  error  value  is  stored  once  each  second. 

The  circuit  in  the  lower  right  acts  as  a  timed 
switch.  It  is  activated  when  the  test  begins,  runs  for  91 
seconds,  then  shuts  off  the  input  signal.  The  91-seconu 
shutoff  is  needed  to  ensure  that  all  the  time  on  target  and 
RMS  data  values  have  entered  their  respective  analog  to 
digital  ports.  The  analog  to  digital  ports  keep  track  of  the 
voltages  and  allows  the  digital  program  (Appendix  C)  to  read 
and  store  their  values. 

Switching  Diagram 

Figure  B-7  shows  the  switching  wiring  necessary  for 
switching  between  the  input  signals  and  the  roll  and  pitrli 
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V'  V  nn'._  .(t  P.i'cv..’!,  V^obl  Long  B'ancM  N 0’7t-’.  i?Cni  2^ >-'iC 0 


August  9,  1982 


Cape.  NatPan  Krys 

.AFIT/EN 

Box  4237 

VJright  Patterson  AFB 
Ohio  45433 

Dear  Capt.  Krys: 

This  letter  is  authorizing  your  request  to  use  parts  of  Chapter  4  fro:r. 
oa"  EAI  2000  Analog  Reference  Book  for  your  thesis. 

If  you  have  any  additional  requests,  please  do  not  hesitate  to  call  r:;e. 


Sincerely  yours, 


WK/ejb 


r<..l  iM>  •  i;44j 


Vjilxta.'.i  (.aplau 
Procuct  I-iaiiager 


4.2  COtFFICIENT  UNIT 


FUNCTION: 

Cunliiiuuui  multiplicalion  of  an  analog  \/ariable  times  a  constant  coefficient. 
OLSKiNATIONS: 

OCA  Diijiijlly  toiiifolleil  Attenuator  or  Digitally  Set  Coefficient  Unit 
FOT  Manually  Sul  Coefficient  Unit 

SYMBOL: 

As  tfiown  in  Figure  4.1 


X 


A 

-1<A<+1 


Y  =  AX 


Figun  4. 1  Coefficient  Unit:  Typical  Prog-amming  Symbol 


4.3  SUMMER 


FUNCTION: 

Cuniinuous  sunimation  of  several  analog  variables. 


OPTIONS' 

As  an  opiional  feature,  the  4-input  and  the  7-mput  Summer  can  be  equipped  with  a  variable  limiter.  The  hiniter  is  de 
scrilsud  in  Paragraph  4.14.  Note  that  earlier  versions  of  the  EAI  2000  are  not  equipped  with  a  4  input  Summer  and 
Its  uplional  Limiter. 

DESKiNATlONS: 

SUM,  1 


SYMBOL: 

As  sliown  in  Figure  4.4 


-(U+V+10W) 


Figure  4.4  Summer:  Typicel  Programming  Symbol 
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4.4  INTEGRATOR 


t. 


FUNCTION: 

Continuout  integration,  with  respect  to  time,  of  an  analog  variable. 

OPTIONS: 

As  an  optional  feature,  the  Integrator  can  be  equipped  with  a  variable  limiter.  The  limiter  is  described  in  Paragraph  4 
SYMBOL: 

As  shown  in  Figure  4.6. 


4.5  MULTIPLIER 
FUNCTION: 

Continuous  multiplication  of  two  analog  variables. 

DESIGNATIONS: 

MUL 

SYMBOL: 

As  shown  in  Figure  4.9. 


X 

Y 


Z 


XY 


Figun  4.9  Multiplitr:  Typict!  Frogramming  Symbol 
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4.7  SQUARE  ROOT  GENERATOR 


FUNCTION: 

Gcaerate  the  Square  Root  of  an  analog  variable. 
DESIGNATION:  ^ 

SYMBOL: 

As  shown  in  Figure  4.13. 


X 

(X>OI 


Y  =  -yx 


Figure  4. 13  Square  Root  Generator:  Programming  Symbol 


4.8  TRACK-STORE  UNIT 

FUNCTION; 

Store  an  analog  value. 

OPTIONS; 

As  an  optional  feature,  later  versions  of  the  TS/2  tray  (Model  Number  0.72. 0051-1)  contain  a  Limiter  mat  is  associateo 
vv.tn  the  Track-Store  Unit.  The  Limiter  is  described  in  Paragraph  4.14,  The  earlier  versions  iMoOel  NurnLa  0.72.0049i 
T3/i  tray  does  not  have  this  option. 

DESIGNATIONS;  T/S 


SYMBOL: 

As  shovvn  in  Figure  4.16. 


ANALOG 

OUTPUT 


LOGIC 

INPUTS 


b.  Logic  Mode  Control 


Figure  4. 16  Track-Store  Unit:  Programming  Symbol 
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4.9  SELECTOR  SWITCH 


FUNCTION: 

Analog  Signal  Switching 

DESIGNATION:  SW 

SYMBOL: 

Assho'.'vn  in  Figure  4.21. 


LOGIC 


U,  L>=  1 

V,  L  =  0 


Figure  4.21  Selector  Switch:  Typical  Programming  Symbol 


4.10  SINE  GENERATOR 
FUNCTION: 

Generate  the  Sine  of  an  analog  variable. 
'  ’GNATION:  SIN 
SYMBOL; 

As  shown  in  Figure  4.23. 


Y  =  SIN0 


Figure  4.23  Sine  Generator:  Typical  Programming  Symbol 
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GENEfcAr/ONi  or  COM^AAMD  /'SD  V/  S'GfslALS 


FIGuf:£  SI 


FIGURE  6-3  Roll  Simuu-at/oN 


C((? 


APPENDIX  C 


PROGRAM  USED  TO  INITIALIZE  THE  EAI  2000 
ANALOG  COMPUTER 

The  purpose  of  this  program  is  to  initialize  the 
system  on  the  .EAI  2000  by  setting  specific  values  for  all 
potentiometers,  integrators  and  counters.  It  also  changes 
potentiometers  to  show  the  change  in  variables  for  the  dif¬ 
ferent  runs  involved. 

After  the  program  begins  the  run,  it  monitors  flip 
flops  50  and  60  (Appendix  B,  Fig  B-6).  If  flip  flop  60  is 
set  high,  the  run  has  gone  91  seconds  and  the  program  stops 
the  run.  If  50  is  high,  the  program  samples  and  stores  the 
values  of  analog  to  digital  converters  1,  2,  and  3  stores 
the  values  in  an  array  and  resets  flip  flop  50. 

When  the  run  has  stopped  (flip  flop  60  -  high),  the 
program  calculates  the  RMS  mean  error  and  time  on  target, 
then  prints  out  the  values. 
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EXPERIMENTAL  TESTING  OF  FLYING  QUALITIES  THEORIES(U) 
AIR  FORCE  INST  OF  TECH  WRIGHT -PATTERSON  AFB  OH  SCHOOL 
OF  ENGINEERING  N  H  KRYS  DEC  82  AF I T /GE/EE /82D - 43 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BURCAU  Of  STANDARDS- l%i  A 


j, 


Call  L.'I  (b'**!  C. 
C4LL  (j«'I  TS«(('<t»100 
CALL  G.'I  TS'«  170,1  .) 
call  Cyi  TSfi  <iO*lC. 
CALL  GWI TSR (5^,10. 
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APPENDIX  D 


PILOT  EXPERIENCE  AND  TESTING  SCHEDULE 


Pilot 

Aircraft 

Hours  FI 

DS 

T-38' 

1400 

F-16 

350 

MK 

T-33 

800 

C-47,B-25 

1000 

MM 

C-141 

2200 

RL 

F-111 

1800 

SF 

F-4 

500 

Pilot  Test  Start  O/Sum  of  Sines  Test  Start  #/Step 


DS 

4/2  Aug 

1/9  Aug 

MK 

7/3  Aug 

10/12  Aug 

MM 

10/10  Aug 

1/9  Aug 

RL 

1/16  Aug 

4/10  Aug 

SF 

1/29  Aug 

7/5  Aug 

Function 
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APPENDIX  E 


PILOT  COMMENT  DATA 

This  appendix  contains  all  the  pilot  comments  anci 
ratings  given  during  the  test  runs.  Most  of  the  comments  an 
one-word  descriptions,  and  each  thought  is  separated  by 
comma.  All  t's  refer  to  xp. 

Sum  of  Sine  Waves 

Pilot:  DS 
Date:  2  Aug 

Test  1  X  =  .45  K  =  49.38  PR 

too  sluggish,  I  can  keep  up  with  the  command  signal,  but  the 
stick  is  too  sluggish 

Test  2  X  »  .45  K  =*  123.42  PR  3 

better,  less  sluggish,  some  lead  required 

Test  3  X  =  .45  K  =  133.33  PR  2.5 

fast  response,  felt  like  I  have  weights  on  the  wings,  slight 
PIO,  overshot 

Test  4  X  -  .25  K  ■  400  PR  2 

pretty  good,  responded  the  right  amount  for  stick  movement, 
responded  quickly 

Test  5  X  -  .25  K  -  160  PR  2.5 

not  a  whole  lot  of  difference,  not  as  responsive  to  stick 
inputs 

Test  6  X  -  .25  K  «  320  PR  2 

felt  like  Test  4,  no  difference,  just  fine 

Test  7  X  -  ,8  K  »  15.63  PR  7.5 

sluggish  stick,  couldn't  keep  up  with  command  signal 

Test  8  X  -  .8  K  =  39.1  PR  7 

some  improvement,  roll  would  keep  up  with  command,  some  PIO 
(overshoot) 

Test  9  X  »  .8  K  -  225  PR  4 
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fairly  quick  response,  I  didn't  like  it,  small  stick  input 
made  large  change  in  W 

Test  10  T  «  .15  K  =  1111.1  PR  4 

required  a  lot  of  effort  not  to  overcontrol,  fast  response 
Test  11  T  =  .15  K  =  444.44  PR  3 

this  is  better,  not  as  much  effort  (required  to  control), 
fast  response 

Test  12  T  =  .15  K  =  833.33  '  PR  2 
fast  response,  no  problem  with  control 

Test  13  T  =  .-1  K  =  1000  PR  1 . 5 

liked  it,  fast  response,  no  PIO  (overshoot) 

No  Test  14,  after  several  runs,  DS  could  not  improve  on  Test 
13. 

Pilot:  MK 
Date:  3  Aug 

Test  1  T  =  .45  K  =  49.38  PR  6 

response  too  sluggish,  no  overshoot 

Test  2  T  =  .45  K  =  123.42  PR  4.5 

much  better,  response  to  stick  is  still  sluggish 

Test  3  T  =  .45  K  *  388.88  PR  5 

response  still  sluggish,  overshoots 

Test  4  T  =  .25  K  =  400  PR  3.5 

better,  responds  quicker  and  small  overshoot 

Test  5  T  =  .25  K  =  160  PR  4.5 

too  sluggish,  overshoot  okay,  very  slow 

Test  6  T  =•  .25  K  =  800  PR  3 

sluggish,  slight  overshoot,  not  enough  damping 

Test  7  T  =  .8  K  -  15.63  PR  7.5 

not  responsive,  doesn't  respond  quick  enough,  overshoots, 
plant  is  no  good 

Test  8  T  =  .8  K  »  39.1  PR  6.5 

not  quite  so  bad,  responds  too  slowly,  still  overshoots 

Test  9  T  «  .8  K  -  225 

much  better  adequate  response,  still  too  much  inertia  and 
overshoot 

Test  10  T  =  .15  K  -  1111.1  PR  3.5 

easier  to  track,  too  much  inertia  and  slight  overshoot 
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Test  11  T  -  .15  K  -  444.44  PR  3 

best  one  yet,  responded  quick,  less  overshoot 

Test  12  T  =  .15  K  -  900  PR  2 

very  responsive,  no  overshoots , no  complaints,  easy  to  fly 

Test  13  T  =  .1  K  =  1000  PR  2,5 

not  responsive,  damping  okay,  no  overshoot 

Test  14  T  =  .1  K  =  2000  ••  PR  2.5 

I  like  this,  pretty  responsive,  little  overshoot,  good 
damping 

Pilot;  MM 
Date:  10  Aug 

Test  1  t  -  .45  K  =  49.38  PR  6 

terrible,  sluggish,  stick  seemed  almost  dead,  it  was  slow 
when  I  wanted  to  move  in  a  different  direction,  no  good 

Test  2  T  -  .45  K  -  49.38  PR  4 

better,  faster  reaction  to  stick  input,  smoother  not  as 
sluggish  as  before,  stick  more  sensitive,  stick  more 
proportional  (further  I  move  the  stick — faster  the  response) 

Test  3  T  =  .45  K  =  277.77  PR  2 

better,  went  right  where  I  wanted  it  to  go,  just  about  right 

Test  4  T  =  .25  K  =  400  PR  i 

a  little  slow,  otherwise  pretty  good 

Test  5  T  =  .25  K  =  160  PR  5.5 

seemed  even  more  slow,  less  sensitive,  (I  was)  always  behind 
what  1  wanted  to  do 

Test  6  T  =  .25  K  -  600  PR  1 . 5 

sensitivity  good,  reaction  time  on  stick  response  good, 
proportional  stick,  overall  pretty  good,  (I)  liked  it 

Test  7  T  -  .8  K  -  15.63  PR  8 

terrible,  slow,  very  sluggish,  bad  overall 

Test  8  T  =  .8  K  -  39.1  PR  5.5 

little  better,  not  as  sluggish,  too  much  inertia,  overshoot 
Test  9  T  »  .8  K  -  143.75  PR  3 

sensitivity  good,  less  inertia,  fast  reaction  time, 
therefore  had  to  compensate  for  overshoot,  overall  not  bad-- 
fairly  good 

Test  10  T  -  .15  K  -  1111.1  PR  4 

good  and  smooth,  a  little  fast  at  times,  not  bad  overall, 
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needed  more  control  (since  it)  wasn't  sensitive  enough 
Test  11  t  -  .15  K  =  444.44  PR  2.5 

better  overall,  sensitivity  better,  good  and  smooth,  easier 

flying  task 

Test  12  T  -  .15  K  »  833.33  PR  2 

better,  improved  sensitivity,  everything  else  is  the  same, 
it  reacts  better 

Test  13  T  =  .1  K  =  1000  '  PR  4 

fair,  smooth,  sensitivity  (reaction  of  stick)  was  staii 
stepped,  no  extra  momentum,  W  stopped  when  stick  movement 
stopped 

Test  14  T  =  .1  K  =  1250  PR  1 

pretty  good,  smooth,  sensitivity  easy  to  control,  just  about 
right  proportional  movement  of  stick,  no  lag  time,  response 
was  instantaneous 

Pilot:  RL 
Date:  16  Aug 

Test  1  T  =  .45  K  =  49.38  PR  6 

not  very  good,  initial  response  slow,  roll  rate  slow, 
overshoot,  used  maximum  stick  deflection  to  arrest  roll  rate 

Test  2  T  =  .45  K  =  123.42  PR  5 

better,  primarily  response  is  more  piodictable  in  arresting 
roll  rate,  initial  response  about  the  same 

Test  3  T  =  .45  K  =  277.77  PR  4 

seemed  roll  rate  was  non-linear  before,  this  was  more 
predictable,  roll  in  and  roll  out  no  change,  command  got 
away  from  me  before  but  I  had  better  response  with  this  run, 
warrants  improvement 

Test  4  T  =  .25  K  =  400  PR  4 

didn't  seem  very  predictable,  roll  in  response  didn't  have  a 
good  feel,  needed  compensation 

Test  5  T  =  .25  K  -  160  PR  4 

slower,  more  predictable,  easier  to  control,  actually  better 
in  accomplishing  task 

Test  6  T  =  .25  K  =  600  PR  3 

mildly  unpleasant  deficiencies,  occasional  small  Pit' 
(overshoot)  very  minor  though,  minimum  desired  performance 
better 

Test  7  T  =  .8  K  -  15.63  PR  7 

not  very  good,  bang-bang  system,  definitely  requires 
improvement,  can't  perform  task,  slow  system,  need  max 
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deflection,  control  no  problem 


Test  8  T  =  .8  K  -  39.1  PR  7 

better  but  not  by  much,  quicker,  roll  out  still  needs  lead 
time,  task  still  difficult 

Test  9  T  =  .8  K  -  156.25  PR  6 

very  objectionable,  extensive  compensation,  must  anticipate 
an  input  that  can't  be  anticipated,  tendency  to  overshoot 

Test  10  T  =  .15  K  =  1111.1  PR  5 

needs  improvement,  still  need  pilot  compensation,  real  hi^^h 
gain,  less  overall  error  but  when  there  is  an  error  (I)  miss 
it  by  a  lot 

Test  11  T  =  .15  K  -  444.44  PR  6 

need  something  in  between,  poor  initial  response--all  gone, 
there's  more  overshoot 

Test  12  T  =  .15  K  =  833.33  PR  3 

best  overall,  good  response  for  large  amplitude  corrections 
Test  13  T  =  .1  K  =  1000  PR  4 

not  all  that  bad,  roll  out  response  not  predictable--a 

little  too  quick,  for  large  correction  some  overshoot 

Test  14  T  =  .1  K  =  1500  PR  2 

negative  deficiencies,  predictability  in  roll  out  response, 
roll  rate  control  very  good,  pretty  good,  very  smal] 
corrections  difficult  to  make,  overall  veiy  good 

Pilot:  SF 
Date:  29  July 

Test  1  T  =  .45  K  =  49.38  PR  5 

very  sluggish,  as  I  approach  target --can ' t  feel  where  J 
should  line  up  with  target,  smooth  but  excessive  time  delay 

Test  2  T  =  .45  K  =  123.42  PR  3 

nice  reacting  system,  tended  to  overshoot  but  didn't  task 
me,  don't  know  how  system  reacts  to  my  input,  better  tlian 
before,  good  feedback  or  stick  motion,  comfortable 

Test  3  T  =  .45  K  =  166.66  PR  2 

good  system,  easy  to  control,  good  feedback,  good  rate  and 
position,  slight  overshoot,  (1  have  to)  anticipate  targets 

Test  4  T  =  .25  K  =  400  PR  ]  .5 

really  sharp,  used  very  discrete  ihputs--almost  digital, 
stopped  W  whenever  I  wanted  to 

Test  5  T  =  .25  K  =  160  PR  7 

slow  in  responding,  couldn't  get  it  where  I  wanted,  by  the 
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time  I  got  there  target  moved,  need  lots  of  compensation, 
good  on  small  error  not  large 

Test  6  T  =  .25  K  =  320  PR  2 

1  like  it,  able  to  precisely  stop  motion,  bank  rate  is 
better  on  roll  in 

Test  7  T  =  .8  K  =  15.63  8 

time  delay  too  large,  no  roll  rate,  no  roll  out,  have  tc 

lead  system,  target  is  faster  than  me,  command  signal  was 
contolling  me 

Test  8  T  =  .8  K  =  39.1  PR  7 

rate  slope  not  linear,  couldn't  judge  input,  very  sluggish, 
overshot,  good  for  catching  up  but  not  for  stopping 

Test  9  T  =  .8  K  =  237.5  PR  4 

responsive  but  abrupt,  mushy  handling,  good  course 
correction  but  no  fine  correction,  time  delay  acceptable, 
felt  more  comfortable  to  make  little  inputs 

Test  10  T  «  .15  K  =  1111.1  PR  1 

best  one  so  far,  easy  to  line  up  very  responsive,  very  eas'. 

to  control,  no  time  delay,  a  little  abrupt,  easy  to  predict 

stick  movement  to  correct  error 

Test  11  T  =  .15  K  =  444.44  PR  4 

higher  time  delay  needed  to  lead  the  command  signal,  crisp 
in  eliminating  input,  slow  in  getting  input  in,  behind  the 
power  curve  but  didn't  have  to  chase  target,  not  as  good  as 
Test  10,  for  larger  errors  this  system  would  be  ver\ 
def icient 

Test  12  T  =  .15  K  =  666.66  PR  1 

large  errors  show  a  slight  objectionable  time  delay  in 
input,  crisp  tracking  good,  didn't  need  to  lead 

Test  13  T  =  .1  K  -  1000  PR  3 

slow  moving  target,  I  couldn't  follow  it,  needed  discrete 
inputs  (steps),  not  objectionable  for  large  errors 

Test  14  T  *  .1  K  -  750  PR  3 

slight  tendency  to  overshoot  not  quite  as  crisp,  good 
tracking,  inputs  smooth  and  reasonable,  didn't  need  to  move 
the  stick  very  much 


Random  Step 

Pilot:  DS 
Date:  9  Aug 

Test  1  T  -  .45  K  -  49.38  PR  7 
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real  slow,  required  full  stick  deflection 


Test  2  T  -  .45  K  =  123.42  PR  3 

much  faster  response,  slight  tendency  to  overshoot 

No  Test  3,  could  not  improve  stick  response  compared  to  Test 

2. 

Test  4  T  =  .25  K  =  400  PR  2 

much  faster,  less  tendency  to  overshoot,  liked  it 

Test  5  T  =  .25  K  =  160  PR  3 

little  too  slow,  less  tendency  to  overshoot 

Test  6  T  =>  .25  K  =  360  PR  2 

real  good,  easier  to  control  straight  and  level 

Test  7  T  =  .8  K  =  15.63  PR  :  .5 

too  slow,  needed  to  use  full  stick  deflection,  too  stable  to 
oscillate 

Test  8  t  =  .8  K  =  39.1  PR  7 

slightly  better,  still  required  full  stick  deflection,  large 
tendency  to  overshoot,  used  full  stick  to  start  and  full 
stick  to  stop 

Test  9  T  =  .8  K  =  125  PR  5.5 

has  big  overshoot  problem,  responded  fairly  quickly,  need  a 
lot  of  compensation  to  control  overshoot 

Test  10  T  =  .15  K  =  1111.1  PR  5.5 

great  tendency  to  overcontrol,  had  to  compensate,  very  quick 
response,  just  too  sensitive,  no  appreciable  overshoot 

Test  11  T  =  .15  K  =  444.44  PR  2 

better,  more  easily  controlled,  no  appreciable  overshoot 
Test  12  T  =  .15  K  =  533.33  PR  1 

very  nice,  no  overshoot,  quick  response,  good  tradeoff 
between  response  and  stability 

Test  13  T  «  .1  K  =  1000  PR  2 

good,  no  overshoot,  quick  response 

Test  14  T  =  .1  K  =  600  PR  1.5 

good,  no  tendency  to  overshoot,  quick  response  but 
controllable 

Pilot:  MK 
Date:  12  Aug 

Test  1  T  =  .45  K  =  49.38  PR  4 

easy  to  fly,  doesn't  matter  what  I  do  W  will  eventually  get 
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there 


Test  2  T  -  .45  K  -  123.42  PR  4.5 

kind  of  sluggish,  tended  to  overshoot,  I  did  not  like  this 
Test  3  T  »  .45  K  -  44.44  PR  4 

easier  to  fly,  better  because  the  W  responded  more  quickly, 
good  damping,  not  too  much  overshoot 

Test  4  T  -  .25  K  =  400  PR  3 

like  that  better,  good  damping,-  not  much  overshoot,  quick 
response 

Test  5  T  =  .25  K  =  160  PR  3.5 

just  as  easy  as  before,  I  don't  like  the  way  it  feels 

Test  6  T  =  .25  K  =  500  PR  3.5 

this  is  as  good  as  1  can  do  it,  if  it  responds  quickly,  I 
like  it,  if  it  overshoots  much  I  don't  like  it 

Test  7  T  »  .8  K  =  15.63  PR  4 

too  much  inertia,  response  is  too  slow,  overshoots, 
uselessly  atypical--never  bang  an  airplane  against  stops 
except  in  acrobatics,  easy  to  maintain  task 

Test  8  T  =  .8  K  =  39.1  PR  5 

too  much  inertia,  response  is  quicker  but  harder  to  fly 

No  Test  9,  could  not  improve  on  Test  7. 

Test  10  T  =  .15  K  =  1111.1  PR  3 

nice  airplane,  very  responsive,  quick  no  inertia,  as  soon  as 
I  move  stick  airplane  moves 

Test  11  T  =  .15  K  =  444.44  PR  3 

different  but  flies  nice,  response  is  slow,  no  overshoot 

Test  12  T  =  .15  K  =  1333.33  PR  3 

I  like  this  the  best,  quick  response 

Test  13  T  =  .1  K  »  1000  PR  3 

like  this  better,  response  is  quicker,  less  overshoot 

Test  14  T  =  .1  K  •=  750  PR  2.5 

responds  real  quick  and  stops,  absolutely  no  overshoot,  thi.^ 
is  the  best  one 

Pilot:  MM 
Date:  9  Aug 

Test  1  T  *  .45  K  =  49,38  PR  o 

too  dull,  stick  not  sensitive  enough,  had  to  overcompensate 
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Test  2  T  -=  .45  K  «  123.42  PR  6 

sensitivity  has  not  changed,  definite  improvement  in  stick 
response,  quicker,  not  bad  overall--fair 

Test  3  T  =  .45  K  =  155.55  PR  2.5 

better  than  Test  2,  didn't  like  sensitivity  (not  enough), 
speed  compensated,  easy  to  control,  pretty  good  overall 

Test  4  T  =  .25  K  =  400  PR  4 

good,  moderate  speed,  could  be  more  sensitive 

Test  5  T  -  .25  K  -  160  PR  2 

better  than  Test  4,  not  as  sensitive--almost  like  bein,: 
sluggish,  I  liked  it 

Test  6  T  *  .25  K  =  240  PR  1.5 

sensitivity  real  good,  nice  and  smooth  movement 

Test  7  T  =  .8  K  *  15.63  PR  5.5 

too  slow,  W  had  some  momentum,  dull  reacting,  had  to  really 

push  the  stick 

Test  8  T  =  .8  K  =  39.1  PR  5 

sensitivity  better,  kind  of  dull,  not  much  inertia--abouT 
the  same  as  before,  slightly  better  than  Test  7 

Test  9  T  =  .8  K  =  100  PR  4 

sensitivity  real  good,  liked  the  way  it  moved,  sensitivity 
helped--compensated  for  the  momentum 

Test  10  T  =  .15  K  =  1111.1  PR  7 

moved  fast,  didn't  like  it,  sensitivity  was  good  (didn'i 
have  to  move  the  stick  as  far) 

Test  11  T  =  .15  K  =  444.44  PR  2.5 

much  better  sensitivity,  just  right,  good  response 

Test  12  T  =  .15  K  =  533.33  PR  1 

handled  real  well,  good  speed  in  response,  sensitivity  is 
good,  moved  when  I  wanted  it  to,  felt  real  smooth,  evei. 
flow,  good  overall 

Test  13  T  *  .1  K  =  1000  PR  5 

overall  pretty  fair,  sensitivity  okay,  slightly  unstable, 
felt  like  it  was  moving  on  its  own,  good  speed  for 
correction 

Test  14  X  -  .1  K  =  850  PR  1 

good,  nothing  wrong,  smooth,  felt  good 

Pilot;  RL 
Date:  10  Aug 
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Test  1  T  *  .45  K  *  49.38  PR  3 

slow  roll,  initial  okay,  overshot  slightly  but  easy  to 
overcome,  used  full  stick  deflection 

Test  2  T  =  .45  K  «  123.42  PR  2 

roll  rate  faster,  initial  response  good,  overall 
predictable,  liked  it  better,  less  stick  deflection,  less 
overshoot 


Test  3  T  =  .45  K  =  444.44  PR  2 

nothing  unpleasant,  roll  in  good,  roll  out  rate  not  the 
same,  very  predictable,  slight  overshoot  but  not  PIO 

Test  4  T  =  ,25  K  «  400  PR  3 

slower  system,  less  responsive,  predictable,  large 
correction  gave  slight  overshoot  but  no  PIO 


Test  5  T  =  .25  K  =  160  PR  2 

better,  more  predictable  especially  in  rolling  out,  more 
solid,  roll  rate  good,  most  predictable 


Test  6  T  =  ,25  K  =  208  PR  2 

good  and  predictable,  easiest  task  to  accomplish  so  far 
Test  7  t  =  .8  K  =  15.63  PR  4 

didn't  like  it,  very  sluggish,  long  roll  in,  small 
corrections  hard  to  make,  large  corrections  are  easier,  no 
PIO 


Test  8  T  =  .8  K  =  39.1  PR  4 

improved  response,  small  corrections  easier,  tend  to 
overshoot  on  large  corrections,  still  sluggish,  no  PIO 


Test  9  T  =  .8  K  -  100  PR  4 

sluggish,  have  to  force  overshoot,  heavy  workload 


Test  10  T  -  .15  K  »  1111,1  PR  3 

good  response,  tendency  to  overshoot  but  less  than  before, 
very  sensiti ve--not  what  you  want  for  ILS  final,  otherwise 
good 


Test  11  T  =  .15  K  =  444.44  PR  3 

better  than  before,  less  sensitive  especially  for  small 
corrections,  goo  as  far  as  roll  out 


Test  12  t  =  .15  K  -  500  PR  3 

minimal  pilot  compensation 


Test  13  T  -  .1  K  -  1000  PR  3 
good,  better  than  the  last  test  (Test  12), 
predictable,  less  tendency  to  overshoot 


roll  out  response 


Test  14 


.1  K  -  750  PR  2 


TOO 


km 


t. 


roll  out  predictable,  no  pilot  workload 

Pilot :  SF 
Date:  5  Aug 

Test  1  T  =  .45  K  =  49.38  PR  6 

very  slow  responding,  needed  considerable  lead,  nov 
precise--couldn ' t  tell  where  I  would  end  up,  had  to  put  leau 
in,  time  delay  okay 

Test  2  T  =  .45  K  -  123.42  •  PR  8 

roll  PIO  problem,  didn't  know  when  to  take  rate  out, 
difficult  to  control,  too  much  compensation  needed 

Test  3  T  •=  .45  K  -  88.88  PR  4 

best  one,  (had  to)  kill  motion  with  opposite  input--piloi 
lead,  hard  to  predict,  rate  acceptable,  no  real  PIO 

Test  4  T  =  .25  K  =  400  PR  7 

PIO  (pilot  induced  oscillation),  too  abrupt,  rate  seemed 
high 

Test  5  T  =  .25  K  =  160  PR  2.5 

very  predictable,  a  little  sluggish,  good  system,  very 
tolerable 

Test  6  T  =  .25  K  =  140  PR  2 

good  system,  frequency  a  little  low,  could  be  more  respon¬ 
sive,  very  tolerable,  like  it 

Test  7  t  =  .8  K  »  15.63  PR  7 

very  sluggish,  terrible  system,  had  to  wait  on  response,  had 
to  predict  when  to  take  out  input 

Test  8  T  =  .8  K  =  39.1  PR  8.5 

sluggish,  PIO  prone,  time  delay  hard  to  manage,  verging  on 
uncontrollability  at  times,  not  precise,  rate  too  slow,  not 
crisp 

Test  9  T  =  .8  K  =  62.5  PR  5 

sluggish,  pilot  lead  required,  little  PIO,  no  problem  with 
control,  compensation  required,  phase  lad  noticeable  but  not 
objectionable 

Test  10  T  =  .15  K  =  1111.1  PR  2.5 

pretty  precise,  (I)  wanted  to  let  the  stick  drift  into  the 
target,  good  system 

Test  11  T  -  .15  K  »  444.44  PR  5 

breakout  force  very  high,  very  sluggish,  had  to  wait  for  the 
W  to  move,  precise  and  smooth 


Test  12  T  *  .15 


K  -  833.33  PR  2 
101 


good  system,  a  little  on  the  abrupt  side,  had  to  compensatt 
for  the  high  rate 

Test  13  T  »  .1  K  -  1000  PR  2 

can't  tell  much  of  a  difference  (from  Test  12),  the  gain  is 
less,  seems  to  be  good,  (the  task  is)  not  exercising  me 

Test  14  T  -  .1  K  =  7S0  PR  3 

slight  tendency  to  bobble,  (I)  can  judge  the  stick  however 


( 
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APPENDIX  F 


SCHEMATIC  FOR  EQUATION  S 

Figure  F-1  is  the  schematic  for  Eq  (5),  the  onl> 
pitch  equation  which  had  no  stability  problems. 
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APPENDIX  G 


SAMPLE  STRIP  CHART  RECORDINGS 


The  following  are  sample  strip  chart  recordings. 
Figures  G-1  through  G-3  show  the  Test  1  for  MM.  Figures  G-l 
through  G-6  show  Test  13  for  MK.  The  voltage  values  in  all 
of  the  figures  are  the  following: 

F^S  =  *05  v/div 
=  .5  v/div 
♦  =  .5  v/div 
=  .5  v/div 
i  =  .05  v/div 
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APPENDIX  H 


C. 


TABULATED  DATA  FOR  RMS  ERROR  AND 
TIME  ON  TARGET 


The 

data 

in  this  appendix 

are  read 

from 

left 

tu 

right . 

The 

fir 

St 

value  is  located  in 

the  top 

left 

and  1 

ast 

value 

in  the  bottom  right.  The  data 

were  prin 

ted  for  ev 

e  ry 

second 

duri 

ng  a 

90 

-second  period.  The 

first  10 

values  of 

RMS 

error 

were 

not 

u 

sed  because  of  the 

physical 

limil 

:ation 

on 

the  mu 

Itipl 

iers 

u 

sed  (5  millivolts/10  volts). 

The 

first 

10 

values 

of  e 

rror 

we 

re  on  the  order  of 

O.OIV  or 

less 

,  8iv 

ing 

an  err 

or  of 

50\ 

or 

more.  The  RMS  error  value 

was  calcula 

ted 

by  the 

formula 

bel 

ow . 

RMS 

error 

=  Y  Sq  (error)  *  dt 

Note:  t  i 

s  the 

time 

at 

any 

one  point  . 

The  mean  of 

RMS 

is 

the  average  of  the 

last  80 

value; 

5  for 

RMS 

error . 

The 

li 

St 

below  are  those  te 

sts  where 

the 

sub  j 

ect 

could 

not 

improve 

stick  action  when  the  s 

tick  gain 

was 

changed. 

Theri 

ef  0 

re,  there  were  no 

runs  for 

the  1 

Follow 

ing 

tests : 


Test 

9 

step  function  MK 

Test 

3 

sum  of 

sine 

waves 

DS 

Test 

14 

sum  of 

sine 

waves 

DS 
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teat  1 


K  oLL 

JldP  FUNCTIJJ 


HmS  of 

L  r!  8  • 

J  .00 

1 . 37 

1  .  7  u 

1  .  /  7 

i  .  -J  . 

1  .3  < 

1.36 

1  .2  >, 

1  .  8l 

1.2  1 

1.1^ 

1.d3 

1  .57' 

1  .  88 

1  . 1  j 

1.4b 

1.3  7 

1  .  -^8 

1 .39 

1.33 

1.0-7 

1  .28 

I  .  .M 

1 . 2 

1  .  C-*  Lt 

1.27 

1.27 

1  .  0.- 1> 

1.2-3 

1 . 24 

1.22 

i  .  '  0 

.  .  1 

1.17 

1.23 

1  .22 

1.21 

i  .23 

1.21 

1.21 

1  .21 

1 . 22 

1.1' 

1  .3-) 

1 . 30 

1.38 

1  .  >  0 

1  .  3  to 

1  .3;) 

1 . 3b 

1  .  3to 

1  .  '.to 

1.3d 

1.36 

1.  39 

1  .  3  - . 

1  .  .7 

1.57 

1 .  ‘f :» 

1.41 

1  .  3  > 

1.(8 

i  .  4  -> 

1 . 

1.84 

1.83 

1  .  *t  r' 

1.88 

l  .HH 

1.45 

1  .42 

1 . 82 

1.8. 

JF  tMS= 

1.34 

TIMF  ON  lAhul 

iT  (bbCo) 

0.20 

1.20 

1  .4d 

2.^-8 

7 . 2  :i 

•j  .  2  -1 

f  j .  3  3 

7.31 

H.  .-  .b 

3,, 

1  1  .3d 

11.4b 

1  2 . 2  8 

1 3  .  ^  h 

1  *♦  .  3  j 

1  o  .  3  1 

1  7. 38 

1  8 . 3  to 

19,  '.  3 

2  0.80 

2  2.05 

2  2  .  tt  b 

2  3  .  9  u 

2  8.  7  0 

2-.. -10 

2  7. *>3 

28.05 

29.U8 

30. 0-3 

3  1  .  0  c. 

33. I'* 

58  .  1 

3  .  1 8 

83.17 

5  /  .  2  LI 

3;i.32 

39.  32 

4  0.33 

8  0  .  :>  J 

8  1  .  u  c 

*(3.66 

48.  tod 

8b. 

8to  ,  to  8 

8  /  ,  7  8 

'.8.31 

89.31 

8  0 .32 

8  1  .  '.8 

3  /  .  3  8 

D<.  .37 

34.83 

3  J  .  J  1 

JO.  >7 

1  7  .  U 

D  8  . 't  f 

- J  9 . 8  to 

0  .  b  1 

01,  18 

0  2.87 

6  3  . 't  2 

0  8  .  3d 

to  •)  .  4  5 

to  b  .  J  0 

J  t .  .  3  u 

08.33 

3  9.35 

7  0 . 3  to 

71  .  3n 
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1.71 

1  .  ub 

1 .  bb 

1  .  o  b 

1  .71 

1  .  73 

1.71 

1  .81 

1.8l 

1  .77 

1.78 

i  .  70 

1.72 

1  .  80 

1 .  nl 

1.79 

1  .‘IH 

1 .  i0 

1.9;.' 

1  .  a  b 

1  .  b  S 

1.82 

1  .71 

1  .  7o 

i  .  8  0 

1  .81 

1  .  7i 

1.79 

1.7b 

1  .  7  b 

1.71 

2.08 
2.10 
1  .  ^ 
1.88 
1.78 
1  .  jU 
i  .  .-i  7 

1.77 
1.71 
1  .  7‘f 
1  .  .5  8 
1.82 
1.82 
1-  77 

1.78 


TIMl  on  TAKGLT  (jcC 


1.3a 

2.  ia 

1.28 

1.9,,-. 

J  ,‘*3 

9.76 

1  1  .  7l 

13.81 

19.71 

2  0  •  6 

2  j.  7H 

2  tj  .  7  o 

29.83 

3  0,87 

01  .b1 

3d.  b  9 

39.92 

1  0 . 8  2 

1  b  .01 

Id.  3 1 

1  9  .i2 

1  9  »  DD 

ui  .78 

bb  .73 

o  0 . 7  9 

o  1 . 8  2 

o  b  .  3  0 

t>  b  .  3  3 

71.38 

72,37 

2.61 

2.89 

ij .  0  [i 

^  .^1 

ID. 7a 

11  .  7b 

1  D  ,  8  1 

1  6  .  a  6 

2  1  .  a  9 

.2.72 

_  7 . 7  7 

c  ;  .  7  2 

3  1,82 

3  1.--  .3 

i  L.  .  b  0 

or.  .  )7 

11.92 

M  2  .  9  .3 

10.31 

-)  7  .  s  7 

D  0  .  o  7 

3  1.72 

D  a  .  7  b 

d7  .  7  7 

62.23 

62.2  7 

b  7  .  3  ‘1 

'  * 

;•>  v  3  •  .J 

7o,1  U 

7 1  .  1  1 

I 


( 


I 

i 


MK  test  10 


«0LL 

STEP  FUNCriOi^l 


RMS  value  of 

ERROR 

^,71 

2.49 

2.14 

1  .  7b 

1.6  7 

1  .  ■ .  0 

1.S3 

1.24 

1  .^9 

1.46 

1.30 

1.34 

1.63 

1.68 

1.62 

1 .82 

1.76 

1  .  7  > 

1.77 

1.66 

1.68 

1  .  76 

1.62 

1  •  Ls  U 

1  ,bb  . 

1.52 

1  .60 

1.  4d 

1.4  7 

1.45 

1 

1.43 

1  .48 

1  .  Jl 

1.4  4 

1.47 

1.^7 

1.47 

1.44 

1.43 

1.4  2 

1.41 

1.38 

1.40 

1.38 

1.40 

1.3d 

1 .36 

1.3b 

1.46 

1  .47 

1  .  4d 

1.4  3 

1.4  3 

I.'*! 

1.46 

1.40 

1.3? 

1.4  1 

1.3b 

1.38 

1.37 

1  .32 

1  .  33 

1.36 

1.41 

1.40 

1.39 

1  .40 

i  .  59 

1.30 

1.49 

1 .4tt 

1.47 

1.47 

i  .  4  b 

1.4  3 

1.4b 

1 .4** 

1.44 

1  .43 

1.44 

1.4  3 

1.42 

1.41 

1.42 

1.4b 

1  .  46 

1.44 

1.43 

OF  KMb  = 

1.46 

TIME  O.M  TARG 

:t  (SbL^.  > 

0.14 

0.39 

1  .40 

2.43 

3.13 

4.18 

b.l3 

6.21 

7.2  0 

8  .  Iv 

>.18 

i  0  »  i'  n 

10.61 

11.40 

1  2 . 4  C 

13 . 33 

13.61 

1  4 . 3  1 

16. bl 

16.64 

1  /  .  4 

1  b  .  3 

19 .63 

d  C  »  3  6 

21  .60 

22. uO 

2  0  .  o  2 

2  4 . 3  U 

•  vJ 

:  > 

27.62 

28.66 

2  8.99 

24.  Jl 

2  4  .  b  / 

5  U  .  .  3 

3  1.90 

32.88 

3  3 . 9  4^ 

34 . 6 T 

3  3 , 9  2 

3  .  i..  4 

37.92 

38.92 

39.93 

4  0  .  6 

4  1.99 

4  2  .  4 

44.01 

44.29 

44.76 

43.77 

4  b  .  7  4 

4  7  .  7  3 

•♦8.78 

49.82 

3  0.84 

6 1  .  d  d 

3  2  .  rt  3 

3  3.64 

6  4.82 

66.88 

6b. 84 

37.89 

6  d  .  6  c 

3  8.83 

69.31 

60.33 

61  .32 

8  2.33 

6  2.40 

b  •  .  4  8 

64.40 

6  6.43 

b  6 . 4  7 

u  7 . 4  3 

D  d  .  4  2 

■i  .  .  4  3 

70.48 

71.27 

71.77 

72.  7b 

7  .5 . 8  1 

74.77 

76.81 

76.70 

77.01 

78.  01 

7b.  Jd 

d  0  .  U  3 

t. 


w;  test  11 

<  JLL 

TCP  FurjCTlUi^ 

8MS  VALUt 

OF  L  A  J  A 

0.00 

1.37 

1.11 

1.11 

1.11 

0  . 

0  .'3  s 

0.36 

1  .  Os 

1.27 

1.33 

1.2s 

1.C7 

1.26 

1  .22 

1  *  u  ;S 

1.53 

1  .  t' 

1  •  ‘j  3 

1.3  7 

1.51 

1.3s 

1  .SS 

1.3  7 

1  .ss 

1.3  3 

1  .30 

1,3s 

1.37 

1  .  s  3 

l.bl 

1.37 

1  .37 

1.3s 

1 ,3  s 

i  .  s  2 

1  .<t0 

1.30 

1  .38 

1.36 

1,3  7 

1  .  ‘j  6 

1.33 

1.33 

1.33 

1.3s 

1.38 

i  .  So 

1 .3o 

1.33 

i  .37 

1  .  s  s 

1.3  9 

1  .  3  l) 

1.38 

1 . 3h 

1.36 

1 . 3d 

1.35 

1  .  5 

1 . 33 

1 . 33 

1.33 

1  •  s  0 

1.31 

1.31 

1.32 

1.31 

1  .  u  s 

1.37 

1.3b 

1.33 

1  .<*2 

1.33 

1  .31 

1.31 

1.3  0 

1  .  s'- 

1.^1 

1 .36 

1.37 

1  .  iu 

1.37 

1.37 

1.37 

1.3b 

1  .33 

1  .  33 

1.33 

1  .  •  s 

ILAN  OF  r<MS  = 

1.38 

TIMC  UN  1 

ARQLl  (StCS) 

0.9d 

1.98 

2.99 

5.98 

s.  0  1 

6.03 

7.0<* 

8.06 

9,11 

9  •  3  “t 

' .  95 

ID..'  D 

11.33 

12.99 

13.01 

1  s  ,  0  3 

1  s  .  0  v 

1  s  .  S 

16. bA 

17.60 

18.63 

1 9  »  t.  'J 

2  0.62 

2  1  .‘.-I 

22.63 

23.69 

23  .tj3 

2S  .  S'? 

2  t  >  .  6  9 

1  7 . 3.. 

2  7.Hb 

28.80 

2  9,66 

30  .  sS 

3  1.87 

3  2  .  7 

33.30 

33.93 

35.93 

36.  -:'2 

3  7.93 

3  .  1  3 

H  0 . 0  2 

30.97 

3  1  .99 

32.77 

3  3 . 0  s 

3  s  .  0  1 

Ab.02 

3  6.03 

3  7,05 

38.07 

3  8.53 

3  1.19 

b0.2l 

o  1 .  ?2 

62  .22 

b  5  •  2  s 

63.27 

5‘t .  n 

bb.71 

56.72 

57.77 

5o,  77 

b  1 .  7  7 

h  \}  *  1  t 

6  1 . 7  b 

62.77 

6  3  ,  j  / 

b3 . 32 

b  s  .  6  2 

t.  S  .  1 

bb.3.5 

66.9  0 

6  7,92 

68  .  82 

D  9  .  9  3 

70  .  >  7 

72.00 

72.98 

73,01 

7  3 . 9  D 

7  s  .  9  s 

77.02 

7  6 . 0  ri 

79.03 

8  0  .Us 

61  .  03 

8  2 . 0  D 

"!  3  .  -  .  ' 

i 

J 
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M}-'.  tCBt  12 


-OLL 
j  rtiP 


,-i  ;an 


KUNC  TIU.J 

r\l40  V  ALU  t  OF' 

ilKO  Ok 

1.S2 

2.26 

1.29 

0  .  do 

1 . 5  cJ 

1  .  .'1 

1.26 

1.25 

1  til 

1.17 

1.23 

1.07 

1 

1.67 

1.62 

1  .  ‘f7 

1.43 

1.49 

l.<tO 

1.39 

1.42 

1  .  32 

1 . 3  o 

i  .  j1 

1 

1.40 

1 .40 

1  .  3  0 

1.4  0 

1.44 

1.3  7 

1.40 

1.49 

1  .  6 

1  ,  D  4 

1.32 

1 .60 

1.40 

1.49 

1  •  4  o 

1  .41, 

1.4  7 

1  .'(i 

1.41 

1.40 

1.  fl 

1.40 

J  .  43 

1.63 

1.50 

1  .40 

1  .  jU 

1.49 

1.46 

1  .^b 

1.46 

1  .40 

1.47 

1.4b 

1.44 

1 

1.47 

1.40 

1  .  9 

1.4  H 

1.99 

1.4b 

1.49 

1  .46 

1.44 

1.4  7 

..47 

1.47 

1.45 

1  .43 

1  .  4l 

i.47 

1.43 

1.44 

1.44 

1.43 

1.43 

1.42 

1.42 

1.40 

1.39 

1  .40 

1 . 3  d 

1.3  9 

1.40 

OF  RNb=  , 

1,44 

riML  ON  IAWG 

lF  (iFCb) 

0.20 

1.26 

2.20 

3,26 

4.23 

b  .  2  9 

b  .  2c 

7.29 

0.26 

9.31 

10.31 

11.31 

11.40 

11,70 

12.70 

13.  /  3 

14.73 

16.70 

16.70 

17.74 

1  d  .oO 

.  ,  75 

2  0.75 

2  0 , 6  0 

21.32 

22.33 

23  .20 

4 . 3  0 

23,33 

2  6.34 

27.32 

20.40 

2c  .oO 

3  . 

2  9.73 

3  0.74 

3  1.74 

32.73 

33.73 

34  .  77 

33.77 

33.79 

3  7.70 

30.70 

3  9.02 

4  0  .  oU 

4  1  .  H  3 

4  2.43 

4  2.01 

43.01 

44.01 

4  6  ,  b  2 

4  b  .  7  9 

4  7.84 

48.02 

49.02 

6  0.84 

3 1  .  o  7 

6  2.00 

5  3.09 

6  4.09 

36.43 

6  :i  .  4  2 

3  fa  ,  4  3 

6  7,42 

5  7.3  8 

3  0.62 

39,49 

6  0  .  4 

61,34 

b2.6r) 

.  6  5 

6  4.63 

66.60 

b  6  •  6  7 

o  7  .  0 

9  7.63 

6  .  3  J 

69.67 

70.66 

71.63 

72  ,  b3 

7  3 . 6  6 

7  4  .  b  3 

7  6,67 

76.00 

7  7.70 

7b .  ob 

7  9.76 

J  J  .  7  2 
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I'lr:  test  13 

■<  JLL 

3T£P  FUNGI  ION 


O.OU 

O.S'* 

0.81 
1.  W 
1.2^ 

1.17 

1.10 

1.10 
1.12 
I  .lb 
1.22 
1.20 
1.21 
l.U 
1.1b 

•(C4N  OF  kMii  = 


n  .30 
b.‘*b 
12.^6 

1  7 . 5a 
22.33 

2  3.<*2 

3  3.72 
39.7^ 
‘JS.So 
bO  .87 
b  6 . 0  0> 
62.12 
67.03 
7  3.12 
7-7.18 


HMS  VALUl  of 

EK-^  )t  ': 

1  .ta 

0  .91 

1  .  37 

1  .3: 

1  •  3 

l.O'* 

0.91 

1.11 

1.0  7 

1  . 

1.07 

O'.  9  3 

1  .  ti 

l.U' 

1 

1.17 

1.21 

1.23 

1.2: 

1  *  1  L 

1.21 

1.17 

1  .  1  7 

1.1/ 

1  .  1  a 

1,20 

1.13 

1.13 

1.19 

1  .  1 

1.16 

1.17 

1.1b 

1.19 

1.1a 

1.1b 

1  .la 

1  . 

1.1- 

1.19 

1,13 

1 .19 

1.13 

1.1- 

1.1' 

1.16 

1.2^ 

1.29 

1 .2  5 

1.22 

1.19 

1  .21 

1.26 

1.2a 

1  •  1 

1.20 

1.19 

1  .  !:> 

1.2  0 

1.1' 

1.21 

1.20 

1.2  0 

1.1a 

1  .  1  a 

1.17 

1.17 

1.17 

1.1  ? 

1.1a 

1.19 

1.16 

1.17 

1.20 

1.20 

1.17 


TIME  ON  TARGET  (.:CCS) 


1.36 

2.39 

3.90 

9  .  9  n 

3  »  9  0 

7.93 

8.98 

9  .  :''C 

1  j  .H  l. 

11.1^ 

13.33 

19.99 

15, 39 

1  3 . 3  3 

ia.:i  — 

18.36 

1  8  .83 

19.  H 

20.31 

J 1 .  * " 

23.37 

29.35 

25.3d 

2  b  .  3  3 

29,39 

3  0  ,90 

3 1  .  -4  2 

3  2 . 3  0 

‘U  .  9  : ' 

39.70 

35.77 

3b.  7 J 

37.79 

3.79 

90.77 

9  1  ./)2 

92  .  77 

9  3.83 

H  ...  2 

96.82 

9  7,80 

9  8  ,  a  a 

9  Oi  .  a  a 

9  >  ,  il  ‘ 

51.86 

3  2 .01 

3  3  .  02 

3  9.03 

.  3,07 

3  7,06 

5  a  ,  U  9 

•aa.  11 

a  0 . 1  1 

t  1  .  i  1 

63.10 

6  9.13 

b  5  .  1 3 

6  .  17: 

.  /  .  0  J 

68.06 

6  9.07 

7  0.0b 

7  1.11 

7  2  .  J  7 

79 ,08 

75.08 

76.17 

7  7,17 

7  4.11 

80. 17 

81.16 

b  1  .  u  0 

b  2 . 1  3 

r  3,20 

t 
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I-IK  test  U, 


■<ULL 

irrp  FdNcriON 


RMS  VALUL  of 

L  A  R  OR 

1  .  S'! 

1  .  7b 

0.91 

1  ,  1 

1  .A9 

1  .  n'  0 

1  .ii 

1.57 

1  .A^ 

.  .  36 

1 .3^ 

1  .  2A 

1.23 

1 . 2b 

1.22 

i  .  fT  1 

1.2  1 

1 .  :^o 

1.20 

1  .  lA 

1  .1  A 

1  •  1  A 

1  .  1  d 

1 « 1  d 

l.li 

1.  lo 

1  .09 

1  .  1  5 

1.11 

1 . 1  . 

1  .  0  • 

1.11 

1.1b 

i  .  1  b 

1  .  1  G 

1.00 

1.07 

1.05 

1  .07 

1  .  iC 

1.07 

1  .  0  0 

1.07 

1.1b 

1.20 

1  .  I  b 

1.16 

1.17 

1  .lb 

1.1b 

1.17 

1  .  1  D 

1.16 

1  .  1  L 

1.1b 

1.13 

1  .lA 

1  .  1  5 

1.12 

1  .  1  d 

1.17 

1.1b 

1.17 

1.20 

1.2  2 

i  .  2  J 

1  .20 

1.20 

1  .21 

1.19 

1.19 

1  .  1  d 

1 .  Id 

1.1b 

1  .Id 

1  .  Ir 

1  .iL 

1  .  1  3 

1.17 

1 .19 

1  .22 

1  . 

1.2  1 

.  .  -  0 

1 .19 

1.  19 

1.1b 

1.19 

1  .  1  r 

1.1' 

^CAN  OF  = 

1.17 

TIML  ON  TAA3. 

r  (SECS) 

0.20 

1.25 

2.19 

3  .  d  5 

A  ,  2  d 

5 .2o 

6 . 0  0 

b  .  3  8 

7.3b 

d  ,  A  3 

9 ,  A  3 

1 1' .  A 

11  .A3 

12.  A3 

13. Ab 

lA  .  a5 

1  5  .  A  t 

1  0  .  A  5 

1  7  .A9 

18.  Ab 

1  9  .DA 

20 . 53 

2  1.52 

2  2 . 5  A 

23.53 

2A.57 

25.55 

2b.  53 

2  7 , 5  c 

2  0  .  .  1 

2  9  .  OD 

3  0 . 0  0 

31  .59 

3  2  •  D  3 

3  3.62 

3  A  .-,0 

3o.b2 

3b  .  62 

3  7.00 

3  d  .  rj  7 

5  ^  .  o  9 

A  J  .  L. 

A  1  .  bri 

A2. 12 

A  2  .  b  b 

A  3  .  !-i  3 

A  A  .  6 

A  5  .  7  2 

A6,71 

A7.b9 

A  b  .  7l 

A9.  73 

5  0 . 7  t 

■j  1  .  /  A 

52.61 

53.79 

5  A  .  7  9 

55  .  79 

5  0.7  3* 

^  7  .  A  i 

•3  d  .  0  3 

59,03 

oo  .OA 

b  0 . 5  3 

o  0 . 8  2 

.1  .0.5 

62, d3 

63.86 

bA  .03 

u5  ,  :■>  5 

6  6 . 9  u 

j'l  •  ?  u 

Ob  .91 

69.91 

7  0.95 

71 . 95 

7d.97 

7  i  .  5  d 

7S.97 

75  .  b8 

76.25 

77.  .3 

7  0.2  5 

7  .  2  1 

80 .2o 

dl.25 

d  2  .2b 

d  3  .  d  b 

dA.27 

5  5.31 
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mm. 


r 


r.J’.  Lc;st  ] 

1  )LL 

srEH  Ku.^Jcrio^ 


KMO  VOlII-  0 

•  »  ;  i\ 

1.04 

1  .  <0 

1  .7u 

1.47 

1.^1 

1  •  'M 

1.10 

1.11 

i  *.'■> 

1.11 

1  .1  L- 

i  •  u  o 

1 

1.10 

1.00 

1  .0  7 

1  .  J7 

1  .  lo 

1.17 

1.20 

1 . 2  u 

1.15 

1.^1 

1.2  0 

i  .  1  b  1 

1.10 

1.2l 

1  .13 

1  .  1  J 

1.10 

1  .  i  0  1 

1  .lo‘ 

1  .  i  1 

1.3/ 

1.40 

1.0,- 

1.44  1 

1.40 

1.40 

1  .4  1 

1.41 

1.34 

1  .  •.  4 

1 

1.07 

1  .0  » 

1  .  o  u 

i  .  0  4 

1  .  •  3 

1  .^4 

1 . 00 

1  •  •j  t> 

1 . 3.5 

1.06 

1  * 

A.  * 

1.00 

1.42 

1  .  4i 

1.46 

1.4  7 

1.43 

1 . 4  -J 

1 .44 

1  .'O 

1  .  •.  3 

1.42 

1  .  4  0 

1.0  1 

1 . 4U 

1.04 

1  •  "*  0 

1.0 

;  .  0 

1.07 

1.00 

1 .43 

1.47 

i  .  4  !j 

1  .  4  t. 

1.40 

1 . 46 

1.43 

1  .  4t 

1.4.', 

1  .  •< 

1  .40 

1 . 4U 

1 . 4b 

1.4c 

1  .4  L 

1  .  4 

J  F  F,  ,-1 0  = 

1.04 

1 

ri4L  J;\  rA2.> 

..  f  (StlC'li 

1 

1 

U.  71 

0.  74 

1 .0  » 

2  .  j  5 

'•■  .  4  0 

.  4  .  . 

0 . 4  0 

6.46 

7 . 4o 

:i  .  4  0 

■  .  3  1 

1  .  3  ' 

1  1 . 0  4 

12.04 

10  .r.O 

1  4  .  oO 

14,71 

14,74 

1  j  .  6  □ 

16.71 

1  7.60 

16.70 

1  ■) .  7  c 

2  ' .  .  ?  i 

2  1.70 

22.  i0 

2  0 . 7  o 

24  .  .2 

2  3.0- 

3  1 

27.60 

2  7.60 

7.3 

30.  ;  7 

2 .  u : 

.  .J  0  ' 

2  0.70 

00.  70 

01.7. 

02.  oO 

0  4.7/ 

4  •  , 

0  J  .02 

06  .  •5  2 

0  7  .  o2 

06.0  6 

0  '  ‘ .  V  u 

4  U  .  -  0  ‘ 

4  1  .  h  0 

4  2.60 

4  c.  .  2  7 

4  0.  c'  6 

4  4,10. 

4  * .  .  1  6  ' 

46.17 

46.  07 

4  6  .  Oo 

4  u  .  0  2 

4/.0;- 

4-,.  '0 

4  4.07 

:>0.00 

3 1  .Ob 

3  0  .  0? 

3  4.01 

3  .  J  C  1 

0  0 . 0  4 

37.07 

3  0.04 

36.03 

3  4,50 

5  •■  .  '*2  ■ 

6  0  . 2 

6  1  .  o8 

fl  .  7t> 

bl  .  6 6 

6  ?'  .  •>  u 

C  3  «  ^  U  j 

3  4.00 

6  b  .  0  3 

■>  6  .  0  0 

3  7  .  4  0 

6  6 . 0  7 

7  J  .  7o 

7  0.72 

7  0  •  0  0 

71  .  57 

7  2.0!, 

7 :  .  -3 
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MM  test  2 


<i  SUL 

>FEP  FUNCTION 


t\f^3  V«LUL  OF 

r « '<  or< 

J.**  / 

1  . 

1.44 

1.47 

1.51 

1  ..5S 

1.3b 

1  .-17 

1 . 27 

1.20 

1 

1 

1  .4  9 

1.42 

1.37 

1  .ii 

l.Hb 

1.47 

1.48 

1.4  4 

1. 3S 

1  .  3b 

1  .  36 

1  .  5-. 

1  .i-j 

1  .  'ao 

1.48 

1  .  .1 

1 . 3  i 

1  .  ^  b 

1.33 

1  .  33 

1 .3  1 

1  •  V)3 

1.31 

1.32 

1  •  0  1-' 

1  .  b  0 

1  .  ‘tb 

1.43 

1.43 

1.4-' 

1  .'♦4 

1.**! 

1.40 

1 . 40 

1.4  0 

1 . 5E 

1.37 

1  .32 

1  .  44 

1.44 

1 

l.<t2 

1  .41 

1.44 

1.32 

1  .‘J  i 

1 . 3U 

1  .  4  o 

1  .40 

1.4  7 

1  .^^4 

l.f** 

1.43 

1.43 

1.44 

1 

1  .41 

i  .  4l 

1.42 

Q  F  a  !•(  i)  = 

I.-*** 

I13t.  ON  fAK'il 

.r  (8UC3J 

0.06 

0.  7b 

1  .bl 

2.18 

5  .  ?  1 

■i*2l 

0.26 

7  .--8 

8.28 

3.3  1 

10.01 

1  i  .  U3 

1  2  .  u  r> 

13.03 

In.!):- 

1  .  0  H 

lb.  08 

10.79 

17.  -.0 

1  0 . 3  0 

2  0  .  ri  c! 

2 1 .  b  ^ 

<■'  2  .  0 

2  5 . 0  3 

2  4  .  b  7 

?.o.':f2 

2  7.V2 

2  •-  .02 

1.  1  »  4  3 

2  .  4  2 

i  1  .  •♦  J 

52.48 

2  2  .  b  b 

3  i  .  J  0 

3  4.0'' 

5  ta  .  1  -5 

37.  14 

3  .  1  8 

39,  la 

4  0.17 

‘i  2,  hi 

43.22 

44.2  3 

4b  .  2  7 

4  0.27 

<t  -i  .  J 1 

4  9.29 

3  0.33 

bl  .  33 

3  2.3b 

b  ^  .  3  d 

3  3.41 

3  b  .3  3 

3  b  .  3  3 

b  /  .  0  1 

j‘».ob 

(a  0 . 0  8 

j  1  .08 

ol  .  7: 

6  1.72 

b  3  .  btj 

04.  b  1 

b  3  .  bo 

o  b  .  0  2 

b  7  .  b  3 

bd.7l 

7  0.71 

71.70 

72  .  70 

7  3.73 

Tn.n 

7b.  78 

77.01 

7  S  •  ;i  0 

7  9  .  H  0. 

EB 


MM  test  3 


-<  )LL 

S  IlH  kunc  I  I  o.\ 


4  Mi  VALUi,  OF 

t  R  f<  u  o 

l.tJd 

1  .  77 

1  .?4 

1 . 24 

0 .8  6 

1.01 

l.Oi 

0.6U 

0  ..-O  o 

0.44 

1  .0  j 

1  .  i  1 

l.bi 

1 .54 

1  .b7 

1  .  • .  7 

1.52 

1  .  .5 

<d.UO 

1.4/ 

1  .42 

1  .  o  * 

1  .  B  r 

i  .  .4 

1.^0. 

1.77 

1.77 

1  .  u 

1.71 

1.74 

1  .ti7 

1.66 

1  .  Li  4 

1 . 30 

1  .o  1 

1.-0 

1.3/ 

1.33 

1.30 

1  .  ,3 

1.32 

1  .  3  ’ 

1  .tl 

1.51 

1  .33 

1  .  3.5 

1.34 

1  .  -2 

1  .  a  4 

1  .b7 

1  .  C  L> 

1.64 

1.64 

1  .b8 

1.60 

l.b2 

1  •  <  j  3 

1.77 

1.81 

1  .  •  1 

1  .(lO 

1  .  IS  0 

1  .  74 

1  .  77 

1.7  7 

1.74 

1.74 

l.ol 

1  .Ht 

1  .  o4 

1.84 

I  .  I.)  V 

1.7v 

l.dO 

1.7,. 

1  .  7 

1.7  7 

1.73 

1.74 

1.74 

1  .  74 

1.7^ 

1.7" 

1  .  /  1 

1  .  71 

1.  71 

1.72 

1.75 

1.7  4 

1.72 

OF  Krs= 

1  .  o  B 

T  I  .'•1 3  JU  T  Ai\G  L 

!  (Btll'o) 

U  .44 

1  .  S6 

2.54 

5  ■  o 

4,64 

.  .  1 

( J  .  6  i 

7.o3 

8  .  6  5 

7  .  ’>6 

1  J  .  3  C 

11.', 

1  1.61 

12.16 

14.21 

14  .  24 

13.23 

1  3 . 0.  1 

.  0  1 

16.36 

1  /  .66 

1  B  .  3  b 

1  4  •  3  3 

3  ■  r. 

2  1  .62 

22.64 

<^4.62 

2  H  .  6  3 

2  .  fa  7 

?  V  ft  ''J 

2  7.6t) 

28.  74 

2  6.73 

40.72 

4  1,78 

4  .  7  2 

ii.77 

44.80 

4  3  .  o  0 

3  6  .  i''  2 

5  7.32 

4  ,  .  ..4 

4  0.43 

4  U  .o2 

Hi  .  ,.2 

4  2  .  fa  ,5 

4  ,  4  , 

4  0.b4 

4  4.5'i 

44.38 

•*  0  •  -1 1 

4  L-  .  fa  ;  • 

7  .  n 

4  0 . 6 1 

4S.68 

60,41 

60. 34 

3  C  .  2  i ; 

3  0 . 3  4 

e-l.bi 

62.34 

6  3 .58 

3  4.  D  2 

V  »  3 

■rr  .  3  7 

57.62 

67. 7S 

67.47 

3b.  i~l 

3  3  .4  3 

3  1  .  2  4 

3  2 .0.5 

64.02 

34.0b 

3  3.11 

c  o  •  1  2 

w.iO 

brt.li 

64.14 

70  .  lb' 

71.17 

7  2.17 

7  ^  1 

74.21 

76.22 

76.47 

75.62 

7  f,  .  6  3 

7  7  .  r 
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llin  test  4 


^  JLL 

iTEP  Function 


I'.bi  l.W 

I»ob 

iaCili  l«bl 

i.^b  i.ia 

l.b7.  l.r.1 

l.bu  l.<t'3 

l,7H  1.77 

1.7'*  1.7i 

Uf>7  l.h7 

1.7?  l.h'J 

I.Gd  1.'')6 

1.7?  1.7b 

1.70  l«7b 

1.71  1 . 71 

1.70  l.u^ 

1  A  ‘y  OF  ■<  M b  -  1  .  ii o 

0  •  ?  1  0  •  S  fa 

b.-:)9 

1U.70  12.05 

1  7  .  1  U  1 «  .  M 

Pl.'t?  22. 't') 

27. Jfa.O** 
iO.Hi:  51. 't'* 

5'.).'4^  Jo.'fO 

1  .  b  2  '♦  2  •  ’j  ‘t 

^  o  .  2  7  4  o  .  2  fa 

fal.bd  b?.**! 

fab.  II 1  >fa.Hfa 

L,  5 .  b  ■  fa  H  b 

.  fao.ofa  fa^.fab 


KHb  w;.LM( 

OF 

1  .fa2 

1  .  7 

1  ./li  1 

1  .  fa<> 

1  . •> 

1  .  .57 

1  .57 

1  . 

1  .bi; 

1  •  'j  5 

1  .fa  fa 

1.75 

1.7  5 

1  .  7n 

1  .  72 

1  .  71 

1  .fafa 

1  .  t. 

1.71 

1  .  70 

1  .oO 

1  . 

1  .  7‘* 

1.75 

1  .7d 

1  .  7.5 

1  . j 

1  .  /  u 

1  .  fafa 

1  .  F  7 

TIML  faN  (AKO 

r;i  <  bC 

1  .fat. 

2  .  >fa 

fa  .9  5 

7  .  fao 

i  5  .Ofa 

1  fa  »  0  b 

1  fa  .  1  V) 

Ifa.  :ifa 

25  .H.? 

2  fa  .  fa 

.7  H  .  fa  7 

2d  .  fafa 

5  c  .  fa  7 

5  5  .  fa  > 

5  7  .  fa  D 

5.4  .  fa  7 

fa  5  .  J  fa 

fafa  .  .5 fa 

fa  7.52 

fatt  .  5? 

b  2 . 9  rt 

‘j2.  70 

fa  ^  .  fa  o 

fa  fa  .  ■>  fa 

j  fa  .  ^  rt 

bO.  .'1 

b  fa  .  fa  U 

()  o  »  j  2 

7  0  .  b  fa 

71  .  fab 

1  .7  i 

vJ  J 

1  •  1.  u 

A 

^  7 

I .  fa  J 

t 

S 

1  .  fa  fa 

i 

^  t 
>  -2 

i  »  fa  fa 

i 

:  s 

1,7  j 

1_ 

/■-* 

1.  7.5 

1 

1.70 

1 

i  •  (\ 

1  .  7  ♦ 

1 

i  .7 

1  .  t.  ‘5 

1 

1  1  V 

1  .  b  5 

1 

■  ,  / 

1.75, 

i 

/;) 

1.7., 

1 

/:? 

1  .  o  5 

1 

1  .o  7 

1 

-7 

5  .  o  1 

/ 

«  ■> ;  > 

fa  .  0  u 

1  1 

.  f; 

1  fa  .  0  ci 

!• 

•  0 

1  fa  .  1'  I1 

..  J 

.  59 

?.  fa  .  fa  0 

5 

e:  r  i 

.  fa  2 

2  9.57 

/  1 

.  '  u 

5  ^  ,  0  .5 

.-,5 

.5  i,‘(  ) 

.  ■,  / 

H  b  ,  5  7 

*♦  ^ 

.  5 

d  fa  .  .5  9 

J 

.  -..fa 

fa  5  .  b  b 

1 

-fa  7  .  D  1 

•  fab 

b  1  .  ^ 

'J , ' 

«  ;  fa 

fa  7  .  b  j 

r. 

•  .. 

7  .  b  , 

/  ■» 

.  H  1 
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MM  test  5 


H  DLL 

^TtP  FUNCTION 


VALUt  OF 

t  4  4  Ji< 

2  .  bi 

2.23 

2.09 

i  .7: 

1  .  7  '■ 

1*0^ 

1 .  Ub 

2.10 

I  •  Hi 

1.9, 

1  •  >  •» 

1  .97 

2.02 

2  .29 

J  3 

.  r. 

'  .  1  '• 

2.11 

2.  ud 

2.10 

2 . 03 

1  .  9  u 

i  •  •  0. 

1.91  • 

1.92 

1  .99 

1 .9t. 

1.9  1 

1  .  :'H 

1  .a9 

1  .  d5 

1  •  b2 

1  .  b  9 

1.^9 

1  .  <1 

1  .a9 

1  .  bb 

1  .H6 

1  .  4'> 

1  .i..: 

1.71 

1 .  b  1 

1.  7o 

1.77 

1  ,  70 

1.70 

1.72 

1.70 

1.77 

1  .  77 

1  ,  77 

1.79 

1.73 

1 .7i 

1.71 

1.71 

1.70 

1  m  11  t*' 

1  .•)*., 

1  .b7 

1.64 

1  .b4 

1  •  t>  3 

1.71 

1  .  7  r, 

1.7^ 

1.73 

1.72 

1  .  71 

1.7  1 

1  .  1.9 

1.71 

l.dO 

1 .62 

1  »  111 

1.3  0 

1  .  "9 

1  •  7i> 

1.77 

1  .  7 1' 

1  .  }o 

1.7:, 

1.72 

1  .  li  1 

l..>7 

1  .b7 

1  »  bb 

1.84 

1  .  '.9 

OF  !lNS  = 

l.»4 

TiaF  ON  IAkO- 

'T  t  SlC ‘  ) 

U  .  0  0 

0.0b 

U  .  7  b 

1  .  76 

2 .  a  1 

0  .  «  1 

H.7o 

5,21 

b.20 

b  •  a  b 

•.  .29 

7.9] 

«  .  7 1 

b.tb 

b  .  o  1 

9.  .a 

10.60 

1  1  .  --1 

1  2 . 1  o 

10.16 

14.18 

1 5 . 2  0 

1  3 . 1  3 

17.20 

lH.2i 

lb, 99 

lb. 99 

U.  )*. 

2  u  .  9  9 

2  1  .  9  (i 

2  2.9a 

20.49 

24  ,99 

2  3.43 

2  3 . 9  2 

2  3  .  '  0 

2  7.4U 

2b. 44 

2  9,40 

00  .  42 

3  1.4.) 

0  .  9  7 

0  0.49 

04,52 

03.64 

3b.  -.0 

3  7 . 3  3 

3’^.‘.7 

0  J.39 

09.0b 

09,80 

4  0  •  ti  3 

4  1  ,  «  7 

9  ^  1 

4  0,41 

4H,  92 

45.92 

4  6.  Of) 

4  7,9'. 

9  “  .  J 

4  "f  ,9tt 

3l  .  01 

3  2,02 

b  0  ,  0  4 

3  0,  ,  0  3 

9  ‘  .  in 

^4.01 

jb  .  04 

bb.Ol 

5  7. 4ti 

0  a  ,  3  L 

.  3  7 

faU.22 

aU.  19 

o  0 . 4 1 

r^l  .  39 

3  2 . 9  3 

•  S  .  9  u 

o  4 . 4  2 

t>  •  j  •  4  b 

b6 .48 

3  7  .  H  7 

6  b,  .3  1 

,  '  .  0 

b  9  .  b  b 

6  9  .  b  0 

70.07 

71.3b 

7.',  Of. 

7  3  .  .  3 

Jl 
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mm  test  G 


K  oLL 

STf-P  FuNCIlON 


1 .  li 

2.17 

k(-.S  ^  XLUi 
ii  .01 

OF 

1. 

1.2/ 

U  1 1 

1.  n 

1  .11 

1.17 

1.11 

1  .1  U 
1.2  2 

1.0? 

1.03 

1  .51 

1.41 

1  .5b 

1 . 5  6 

1.25 

1 . 

1 .2Z 

1 .23 

1  .21 

1  .  1  7 

1.5/ 
1.5'-. 
1.5  4 
1,3/- 

1.5b 

1.51 

1.50 

1  .  50 

1.54 

1.5] 

1.54 

1.50 

1.4  5 

1.40 

1  .5'j 

1.40 

1 .40 

l.b2 

1 .51 

1 .  H? 

1.4/ 

1  r.  c . 

1  .02 

1.64 

1.6? 

:  .  ■>  1 

1.6  .. 

1 

1.7, 

1  .o  7 
1.6  4 

1  .  j8 

1  .  •-^6 

1  .’JJ 

1  .  >4 

1 .60 

1  .  bb 

1  .DO 

1  .  o4 

1.70 

1.74 

1  .75 

1  .  72 

1.7U 

1.70 

1  .07 

1  .  >  ^ 

1 . 6o 

I.OJ 

1 .66 

1  .  D4 

I  . 

t  »  0 
\  f- 
1  , .  h 

1  . 

1 .  ^ 

i  . 

1  .  ■-  -3 
1  .‘-S 
l,r,7 
1,!.3 
1  .  ?0 
1 

] ,  !•' 


^LAM  of  HMS=  1.<*7 


0.30 

1 . 56 

0.73 

0.74 

11.11 

12.11 

15.64 

lb.  b  0 

21.6^ 

22. S5 

2  6.72 

27.73 

31.44 

52.47 

3b. 06 

57.10 

4  0  .'44 

41.14 

44.42 

44.78 

43.86 

bO.86 

a5.  la 

•j4,21 

b7.6a 

37. o7 

6  2.76 

6  5.77 

66.8b 

63.7  0 

11 -'ll.  ON  f 

A  J  1  <  5 1  C 

2.55 

1  1  a 

/  .7b 

8  .  ^3 

12  .dH 

n .  /  4 

1  7.«5 

1  6  »  -l  b 

25.34 

c.  4  .  /  4 

2  8.73 

23.4  0 

55.43 

54 . 7  0 

58.03 

53.0  7 

4  2.12 

4  5  •  1  5 

4  b  .  7  4 

4  h  .  rl  5 

3l  .35 

32 . 4 1 

3  4 . 5  7 

3  3.42 

38  .o7 

3  3.75 

o  4  .  H  0 

Cl  0  V  ><- 

7  0.86 

71  .  8o 

4  .  S  (> 

>  »  5  4 

•)  ,  1 

15.11 

1  .  7  b 

1  7 

1  ■) . •- 

2j  ,'-j 

t 

«  ■  •  1  •-> 

2  7.4 

3  0.13 

5  b  .  0  7 

.r.b..j7 

4  0.12 

4  J  »  7  7 

4  4 . 1 

‘•1  ,  1  2 

4  7,4  t' 

4  1.4  4 

3  5,0  3 

j  -  .  0  ^ 

5  b  .  5  ’ 

.>7.42 

=>0.75 

•.1.75 

6  D  .  •)  5 

c7  .  ‘b 

7^.35 

/  1 . 4  b 

MH  test  7 


OLL 

1  ftlP  KUNCIION 


K4S  VAlJ 

l.  b  .  \  R 

1  .b7 

1.57 

1  .  u  7 

1.24 

1.22 

1  .  70 

1  .7ti 

1.  i7 

1  ill 

1.7b 

1.6.-, 

1  .  7« 

l.t7 

1.48 

1  .be 

1  .  j2 

1.30 

1.46 

1.^2 

1.40 

1 .4-:> 

1  .  0 

1 . 6  u 

1  .  -.5 

1  .uO. 

1  .r.O 

1 . 4  j; 

1.55 

1  .31 

1  ."C 

1 .  '♦b 

1.47 

1.60 

1  .  77 

1  .oO 

1.78 

1.7b 

1.74 

1.75 

1.75 

1  .7  J 

1  .  t;';,- 

1.7;? 

1 .  /b 

1  .  74 

1  .  7/ 

1.7  i 

1  .  72 

1.70 

1  .  8 

1.6/ 

1  .  !-•  7 

1  »  6  5 

1  .  b' 

1.65 

1  .  <>  5 

1  .  b  J 

1  .  7j 

1.78 

1.77 

1 .7<* 

1  .  75 

1.75 

1.75 

1  .  7 

1.72 

1.71 

1.70 

1  .  bd 
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5  cj  .  9  5 

7.97 

•3  8. Ho 

5  8.81 

5  9  ,  fj  5 

c  0  .  5  9 

G  1  •  0  n 

u'.'  ,1\i 

52.90 

b i. 88  • 

O  9 , 5  U 

^  3  *  *1 

b  C  .  ^3 

-7.17 

o  7 . 8 1 

b  vJ  •  7 1 

o  5.77 

»  O  J 

7  1.77 

/  ./  «  '-)  h 

72. 9t 

7  3.98 

7  9  .  9  D 

7  0  •  c*  J 

7  5  •  o  1 

1 ■  i 
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RL  test  5 


R  jLL 

STEP  function 


PMS  VALUE  OF 

LKK  Oa 

A.  26 

3.76 

3 . 2A 

2 . 9  u 

,  .7c 

2.  A2 

2 .1 5 

2  .  19 

2.12 

.  0  .-i 

^  .13 

2.  OB 

1  .’Ob 

2  .  OA 

1.98 

1  .  7 

1  .a? 

l.fil 

1.70 

1  .  79 

1  .7  > 

1  .  .0 

1  .ao 

1.75 

1.75 

1  .  72 

1.66 

1  .  ,9 

1.63' 

1 . 66 

1  .b5 

1  •  66 

1  .  7  0 

1  .  •> 

1  .  *>4 

1  .  Cl  A 

1  .63 

1.71 

1.7  0 

i  .  • 

l.b7 

1  .C.2 

1  •  t>  A 

1  .  oO 

1.6  a 

1.70 

1 . 6  b 

1.67 

1.66 

1 . 65 

1.66 

1  .  ■  3 

1.62 

1.62 

1  .  c  C 

1  .  .,9 

1.57 

1.7 

1  .b7 

1.77 

1.75 

1  .  Hi 

1  .  H  2 

1.-3 

1  .H2 

1  .  HO 

1  .80 

1  .  79 

1.77 

1  .  /  . 

1.77 

1.  7B 

1.7b 

i  •  7  Cl 

J.  .  7  b 

1.75 

1.7^ 

1 .73 

1 .75 

1.73, 

1.73 

1  .  7  A 

1.75 

1.7B 

1  .7d 

1  .  7c 

1.7b 

1  .  7  6 

■It'AN  OF  R,'1S  = 

1.75 

. 

Ti.Hf  UN  lAPG 

-:i  (6LCS) 

0.00 

0.01 

U  •  3-3 

1  .  a1 

.  A  L 

3  .  A  A 

A.  AG 

5.53 

b  .  Ob 

6  •  v5 

7  .  V  8 

,  .  M 

9, On 

9.  9u 

11.00 

12.  01 

13.00 

1  A  .  .  8 

15.00 

16.08 

17.11 

lb.  05 

1  8  .  b  6 

1  b 

20.01 

20.  :/A 

2  1.93 

22.  ,3 

2  3 . 9  A 

1  .  ‘  '< 

2  .  1 A 

2o.  1  A 

2  7.22 

C .  0  A 

2  ,.i .  i  0 

Jit..  J 

3  0. AO 

31.37 

3  2  .  A  A 

32 . 5  5 

3  1 . 3  0 

it.  2 

3a. 53 

36.57 

3  7.60 

3o  »  62 

5  5 , 3  Q 

'■  '  .  t .  ,‘l 

A  O.fiA 

A  1 . 6  A 

A  2  .  b3 

A  3  .  h 

A  A  .  6  7 

t'.7_ 

Ab. 72 

A7.07 

A»  .  11 

A  i.  Id 

3  0.11 

-.1.11 

3 .In 

32  .  A  1 

j2  .tB 

•j  3 . 2  9 

3  A  .  J  7 

<  .  ) 

3  3  •  M  rt 

36  •  O  A 

3  7.51 

3  A  •  '2 

5  >  .  A 

■■  J  .  A 

61.62 

62.13 

6  3 . 1 

■  1  .  1 

6  5.2  5 

b'',  .  1 

67.1b 

oB  .  25 

6  V  •  i.  2 

t  5,58 

7  il  ,  'i  5 

7  1  .  A  1 

72.30 

72.  a3 

7  3  .  A  5 

7A.  a7 

7  5  .  A  7 

7 1.  »  A  3 
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RL  test  6 


«  OLL 

S  l£P 


•^LA.N 


FJNC  riON 

^.■ts  VALU^ 

OF  <  4  ,4  /.< 

3  •  U  o 

Ci  •  o  0 

3,0-. 

.',7  1 

.-,5 

^,67 

^  •-i'j 

2  .  -  ;• 

1  .  M 

1  .  '  7 

1.S9 

2.03 

1 

1  .  -5  6 

1  .  r  r 

1 .  a 

1 .7J 

1.72 

1  .71 

1  ,  7a 

1.72 

1  .  ‘  6 

1.6^ 

1.71 

1  .67 

1  . 

i  .60 

i .  1 

l.bf 

1.57 

1  .60 

1  .  .1 

1  .  5  5 

1  •  '  b 

l.bo 

l.bl 

1  .  D  6 

1  3 

1,01 

1  •  '  >  0 

1 .60 

1.5^ 

1  .o7 

1  .  at 

1.3a 

1  •-)? 

1 .  bo 

l.b** 

1  .54 

1  .  -O 

1  .  .  2 

i  •  •  1  ‘3 

1 .5.5 

1.50 

1.50 

1  .  oQ 

1.33 

^  ‘  6. 

A  • 

1 . 5 .5 

1  .  o3 

1  .32 

1  ,  Oi 

1.01 

1  .  ■(  S 

1 .  'Ja 

1 . 48 

1.47 

1  •  6 

1.43 

1.47 

l.'t'* 

1.  48 

1  .50 

1  ,  a  j 

1 .4  i 

1  .  ■'  0 

1 

1.43 

1.4:; 

1  .  I  > 

1.47 

1  .43 

1  .  ^  D 

1.4b 

1  .44 

1  ,  4  3 

1.43 

1.47 

OF  r\  I'l 0  - 

l,u) 

TIMfl  UlO 

IAHo:1  (.-.rC^) 

C  .  0  0 

0.  Ub 

0 . 94 

I  .  V  0 

2.9  .'j 

4.31 

.9o 

5.35 

6.53 

7.  ov 

:5 . 6  0 

'^.39 

1  O.Oo 

10.75 

11.76 

12.  il 

1 ,  7  0 

14.  .3 

15.7V 

16.  79 

17.89 

18.-5  5 

19.1  3 

0  . 1  -- 

2  1.17 

2  1 .  V  4 

2  2.42 

23.  a  4 

2  4 » 4  3 

I--  -.45 

2  U.52 

27.00 

2  7.98 

28.  u2 

2  9,62 

:  J .  /  0 

5  1 . 6  V 

32.49 

32.69 

33.50 

34,7/ 

3  •  .  -< 

35, bb 

37.45 

3  8.45 

39  »  j2 

4  0 . 4  (' 

4  1  .  a 

•♦2,52 

43.52 

44.24 

4  4.  73 

4  3.74 

4  ,  . 

H  7.81 

4b.  a7 

4  V  .  3  7 

50  .  a  3 

51.13 

)  2  .  0  ;• 

53.07 

54.12 

55.11 

0  b  .  1  3 

37, li 

3  .  16 

5  ■> .  2  1 

b  0  .  1  8 

fa  1 .23 

b2 . 23 

t.  3 . 2  2 

■:  4 . 2  3 

6  5 .28 

ao  •  b  7 

b  6  .  0  3 

6  7  .  *1  0 

a  b  •  3 

5 

70.  57 

71.42 

72 . 3« 

73. 4  L. 

74.4  7 

7 

7  6  .  b 

77.  jO 

78.55 

79.  :j3 

6  0.53 

,1.0? 
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RL  test  7 


iLL 

STEP  PUrJClIurj 


KHS  value  of 

L  4  r<  V  K 

2.01 

1.11 

2.03 

1  .  :,7 

1  . 

.  0  7 

2.01 

2.01 

1 .9  9 

1  .  b 

1  .  b  I.} 

5.-4 

2.04 

1.97 

1  .'9  0 

1.  >0 

i  .  «  ■  i 

i  .  7  9 

1 .9'* 

2. 00 

1  .92 

1  .  'U! 

1  .bfa 

1  .  .  u 

1.^0 

1.7b 

1.77 

1  .  7  3 

1.71 

i  .  71 

1.75’ 

1  .£2 

1  .Sh 

1.34 

l.oC 

1.  .0 

1  .92 

1. 91 

1.90 

1  .  bb 

1  .£■- 

1  .  -  .  5. 

1  .b^ 

1 .  Hb 

1  .  S  O 

1.33 

1  .  b  .3 

1  .  '  3 

l.bb 

1  .  !1  7 

1  .  tt  b 

1 . 

1.35 

1  ...2 

l.bl 

l.bi 

l  .65 

:  .  3 

1  .  b  2 

1  ...0 

1.16 

1.79 

1.77 

1  .  75 

1 . 7  r. 

1.79 

1.79 

1.  /b 

1  .  77 

1.73 

1.7-3 

1.75 

1.7^ 

1.73 

1  .77 

1  .  1-) 

1. 16 

1.73 

1  .7t) 

1.  /*♦ 

1  .73 

1.73 

1  .  7  3 

1.73 

1.71 

1  .  70 

1  .  b9 

1  .  72 

1.71 

1  .  79 

JF  K  •”5  = 

1  .  ai 

Tlrt:  Oa  TAhOt 

r  ( r  c  o ) 

0.04 

0.06 

1  .iu 

2 .  ii 

2.4  1 

.  4  b 

i.50 

4.30 

-  wi 

9  .  j 

‘ .  2 

/  .  i  > 

/.02 

7.73 

.  7  b 

J  .  :  3 

1  J  •  3  1 

11.  1 

11.91 

12.16 

1  3 , 1  f, 

i‘*  .  1  V 

r  .  3 

1  ,  .  1  ■' 

17.21 

1  a .  2  0 

19.23 

20 . 2  1 

2  i  .  2  4 

.  :  .  ■ .  ^ 

2i.24 

23.1b 

2  3  .aO 

. '  4 . 2  i 

2  5.  ?  9 

.  7 

2  o  .  3  *j 

2  o  .  "j  7 

2  7  .  U  b 

2B  .  59 

2  .  fa  2 

2  -  .  -i  '3 

3  1  .  b4 

3  1 .  i-i  b 

•A  2  .  2  3 

53.2  7 

3-1.2:. 

^  r  ‘  ‘i 

35.69 

3u  .74 

37.73 

3  fa  .  7  5 

J.  n 

40 .02 

40.99 

41 .2o 

4  2  .  2  fa 

4  5 . 2  ri 

4  1  .  'fa 

4  b  .  3  3 

4  6 .33 

47.36 

4b  .  3o 

4  5.42 

.• .  '1  7 

4  ^.ai 

jO.  7b 

b  1  .  £2 

•5  2  .  ('2 

b  ■*,  .  h  2 

t  .  '•  9 

bb.bb 

56.91 

*>0.04 

57.  lb 

5  2.1  ' 

.  1  7 

60.27 

ul  .  22 

o  2  .  2 1. 

2  3  .  ■'  4 

i  4 . 2  ■ 

.3.1  U 

6L..32 

b  7 . 3  0 

6;;  .31 

(jH  .  i5 

5  5 . 9  t- 

i  t 
’  »  .  .J 
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RL  test  9 

><  oll 

5  fcP  KjfJCHOfJ 

VALUf.  OF 

t.  R  i<  iVK 

1  .yo 

2.09 

1 .2v 

1.47 

1,5  1 

1 .  il 

1 .0  i 

1  .  c4 

1 

1.51 

1  •  0  0 

1.16 

i.iy 

1  .  b  d 

l,ot 

1.67 

1.6  7 

i  .  2 

1 

1.61 

1.71 

1  .  .67 

1.64 

1  • 2 

1  •b2 

1  .  d3 

1.67 

1 . 6-J 

1,64 

; .  0 

1  .<ty  ■ 

1  .-i^ 

1  .65 

1.60 

1.6] 

1  .  -.0 

1  .'•8 

1.47 

1 .40 

1.4b 

1.4  6 

1  .  ■(  6 

1.^9 

1.47 

1.46 

1  •  J 

1.6  5 

1.1 

1  .DO 

I.dO 

1  .u5 

1  .  ^2 

1.62 

1  .  ■  0 

1.60 

1.60 

1.60 

1.41 

1.46 

1  .  4  b 

1.^7 

1 . 4o 

1  .  4  D 

1.4b 

1.4b 

1  .  4  •> 

1.47 

1.47 

1  .  4  o 

1  •  "J 

1  .  4 

1  ,  ..2 

1  .67 

1.67 

1.6b 

1  •  .  6 

1  .  -j  7 

*  ♦  *  b 

1.66 

1 . 64 

1  .64 

1  .  -<4 

1.62 

1  .  5 

1 .61 

1 . 60 

1  .60 

1.60 

1 . 6  L 

1  .61 

^''AU  OF  8^6=  : 

1.60 

in:  UN  TARO- 

T  i  vCCS  ) 

O.Ql 

0.5b 

1 .5v 

2.41 

6.4  1 

1  .  4  1 

6.41 

b  .  ‘♦8 

tj  .  ii  6 

7.71 

‘■.71 

■ .  ;  1 

10.74 

10.79 

11.15 

11  .  ’9 

15.00 

1  .  j  1 

16.06 

16.05 

lb. 01 

1 7  .  u  6 

1  6 . 0  b 

l  J  .  U  .i 

20  .Ob 

21.  oa 

b2.12 

;.2.  J4 

2  5.62 

.  •  •  r 

2*1.53 

26.79 

2  t>  ,  tt  2 

2  7  .  ,•!  0 

7 

.r  •  .  5 

50. «7 

31.92 

52 .94 

55  .  69 

54. -57 

.  ) 

-  4  •  J  W 

5  :,.0b 

5  7.07 

58.03 

69.14 

5  -.06 

't  ..  .  J 

41.05 

4  ;i .  0  7 

42.47 

4  5,12 

4  4.15 

;■<.  7 

1.4b 

4  o  .  4  6 

4  7,49 

4  b  .  4  4 

4  .  H  4 

4  •  .  <4 

D  0 . 0  4 

61.  c9 

62.42 

65.  65 

6  ■(  .  6  1 

J  ft  L  .J 

6  •'..02 

JU.97 

6d  .  0  1 

6  4. 0  .5 

6,1.0.' 

■  ,  .64 

6  0.M7 

b  1 . 9  0 

b  2  .  4  b 

b5  •  1  2 

6  4.12 

6  .  1  J 

o  tj  .  1  H 

j  7.  1  7 

bh.Ol 

b9.2  7 

7  0  .  5 

;  1 . ,  7 

7 ’.2o 

75.50 

7  4.20 

76.52 

7:,,  is 

7  /  .  J  0 

161 


r 

RL  test  10 

.  '  ^  ^ 

i^OLL 

SUP  FUNCTIUnJ 

i7'iS  VALUE  OF 

lKR  jH 

1  .Jl 

3  .  d  b 

2.6  7 

it  9  til 

7.2  > 

2.07  ; 

2.QL 

1 .  bu 

1.12 

i  .  /b 

1  .  tj  ‘1 

1.'.5 

1  •  D  7 

1 .  r)7 

1  .-2 

1  .  ■4  3 

1 .5  '4 

A  •  i)  j 

1  •  !j  7 

l.bb 

1  .  ‘U 

1  .  d 

1  .  -)  0 

1  .  •!  1 

1 

1  .  “31 

1 .33 

1.50 

1.3b 

1  .  b  f  -.  = 

1  .  5  i  • 

1 . 36 

1.31 

1  .  ‘4  0 

1 . 3  V 

l-.^o  1 

1 .3c? 

1  .dO 

1  .*41 

1  •  -!>  ‘i 

1  •  .J 

1 . '  1  J 

1 

1  •  6 

1  .33 

1 .344 

1  .  5t 

i. » 1 :  1 

i.33 

1  .  dO 

1.31 

1.2  7 

1.31 

1.92  ] 

l.'tl 

l.sl 

1  • 

1  • 

1  .‘4  7 

1  •  *'  J 

1  .4o 

1 .  <444 

1  .44b 

1.-45 

1  .  '4  -i 

1  .  9  1 

1.^3 

1  .  *»  6 

1  .4.7 

1  .  -lb 

1  •  S  J 

1.97  i 

1  .^b 

1  .  44  6 

1  .44  b 

1  •  H  D 

1  .  -4  5 

1  .  9  H 

1  •  *4 

1.443 

1  .-.b 

1  .  ‘4  u 

1  .“t  J 

1 

1 

1  •  S  U 

1  .442 

1  .  ‘4  5 

1  .-4  •. 

1 

■ilAn  jf  «ys  = 

1 .443 

1 

TIMi  Oii  fAHOt 

r  (oLcE) 

1 

0 . 0  u 

0. 44b 

1 .10 

2. 11 

5 . 1  ; 

t  .  1  K  It 

D  .  1  d 

D  •  I  8 

7.244 

d .  24. 

.  2  1 

1  9  .  .  !,J 

1  1  *2H 

12.33 

13.31 

1*4  .  3b 

1  b  .  0  3 

;•  .bi  ' 

iD.oa 

17.0b 

1  d  .  0  3 

Iv  .  09 

2  J  .  1  1 

.1.1 9  ! 

22  *12 

23.  12 

2  ‘4  .  1  b 

20.  13 

2  •>  .  1 

'  t  'f  r 

27, 

2  i,  ill 

2  1  .bv 

C'  >  •  0 

i  U  •  t 

.  '  .  -  0  1 

1  2  .’-iO 

33.32 

344  .j3 

sjtj  9  9  sj 

3  -0  .  b  6 

b  7  .  .  I  1 

3  d  .  3  0 

39.  jy 

*40.63 

s  1  .  f.  7 

‘42.6 1.^ 

L 

•4  .  'j  S 

•43.72 

■4  '3 . 7  b 

S7.  76 

H  ^  •  7  1 

;  .  1  ■; 

<4  >3  .dd 

3  0.92 

D  1  .9.4 

oZ.-n 

d3.3  7 

,.4.  ■.  1 

•j  d  •  ?  0 

36.26 

3  7.33 

bb  .  3*4 

0  *  *  •  >5  w 

-  •  li 

b  0 . 7  c’ 

^1.72 

b2 . 74* 

4.  i  .  7  2 

6  '4  .  7  0 

’  '  7  •  i  1  , 

D  Li  •  1  2 

j7.20 

0  b  «  C  ^ 

•'  9 . 1  a 

7  0.21 

7  1  .  1  1, 

7  2,2<, 

73.27 

7  3.b. 

744  .  bj 

7  .  5  b 

7  .  .  b  2  1; 

77.20 

73.20 

7 '>.22 

w  0  •  fJ 

a  u .  *4  b 
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RL  test  11 

Hull 

ilLP  FUNCTION 


«HS  ValUL  of 

LK  K  l)i< 

i  •b't 

2  »  b4 

3.31 

2 . 6  J 

2.66 

•  -  0 

J.22 

2.  15 

1  .‘i2 

1  .  »9 

1  .  (■-  4 

1  ,  ,  7 

2.0  2 

1.97 

1  .  9  D 

1.3b 

1  ,  .9  t. 

1  m  >3 

1 .7d 

1  .  75 

1  .69 

1  ,  72 

1 . 7  L 

i  .  ,  ■  ) 

1  •  b  ‘J 

1  .  b6 

1  .b3 

1  .  uO 

1  .60 

1  ,  4  2 

1  .57 

1.56 

1  .54 

1  .  -.2 

1.5  0 

1  .  4  •' 

1  .'♦S 

1.55 

1 .34 

1  .  3  4 

1.3  2 

1  .47 

1.51 

1  .‘lU 

1.47 

1.4  7 

1  -  4  4 

1 . 5o 

1.34 

1  .  1 

1 . 33 

1.3  1 

1 .  o 

1.4'; 

1.49 

1 .4'3 

1  .  4S 

1.47 

1  .  4 

1.49 

1.46 

1.47 

1.40 

1 . 4  H 

1  .  4  4 

1 .4i 

1.44 

1.43 

1.42 

1.4  1 

1  •  1 

1.4  1 

1.4  1 

1  .4U 

1.33 

1  .3'> 

1  .  •  '• 

1.37 

1.37 

1  .37 

;  •  j  o 

1  .  .5  ", 

l  .  ' 

1.37 

1.37 

1.37 

i  .  56 

1.37 

1.47 

AN  OF  kFi,: 

1.54 

Tilt.  vjN  TAHj 

-  r  (  ) 

0.20 

1.21 

1  .  4  u 

2  .  4  '4 

3 . 4  J 
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1  .SI 

1.91 

1  .92 

1  .  vU 

1.69 

1  .  9 

1  .Ho 

1.67 

1  .Ho 

1  .  .'io 

1 .  J 

1.1 

1  .Hi 

1.  i2 

1  .f;l 

I  .  !U 

1.60 

\  .  !  > 

u  F  K  H  S  = 

1.94 

ll’^t  O'j  TA4u 

LT  (  ;l'8) 

0 . 2o 

1.29 

2.31 

3.  34 

4.54 

•  .  J 

tj  .  ^  1 

b  .  68 

7.06 

6.0  9 

9.0  6 

.  ■ 

^  .  0  ^ 

1  U  .  60 

1  1  .66 

12.  9l 

1  3 . 2  6 

1  ■ .  .  . 

S  .8^ 

10.84 

1  8  .Oh 

18.48 

17.48 

1 

19.71 

2  U  .40 

21.31 

2  2.4  0 

L.  .  '  •  *  't 

•4  .  •<  7 

2  0  .  3  7 

2  8 , 3*4 

26.43 

2  7.40 

I-*  '  *  U  b‘ 

0  .  h7 

2  9.00 

3  0.52 

3 1  .  0  2 

3  2.82 

..1  •  ■  9 

Ii  •  t3  b 

34  .  bO 

3  8 . 2 

58.25 

3  8.77 

r>  «  ' 

30.08 

3  9.07 

<4  0.  )  9 

4  1.09 

-t  1  •  ■  t' 

1.06 

42.91 

4  3  ,62 

44,  86  • 

4  8.89 

4  4 

...19 

4  7,21 

•40.22 

•49,26 

•4  9.9b 

■'<  'i  •  '  c‘! 

1  .  i  i 

82.34 

o3  .i*. 

84  ,  i  7 

D  0 . 4  1 

'  1  ' ;  •  .  i 

.  7  .  i  9 

8... 42 

8  0 .84 

oS,  39 

o  1-  .  4  2 

^  1  4^1. 

2.40 

o  3 . 4  6 

o4 .46 

68  .  o2 

b  b  .  8  1 

!  7  .  1 

0.88 

6  1.86 

7  0,86 

71  .  --.0 

7c.61 

! ...  .  2 

SF  test  4 


|<  OLL 

5  TCP  Fur4CriOi^ 


kMS  '/ALUl  OF 

CKK  OK 

1 . 7£> 

1  .70 

1.97 

1  .o<; 

1  .  ■»  t 

1.11 

1.  76 

2.04 

1  .  .'3 

2.0  1 

; .  u  1 

1  •'io 

1  .  ob 

2.09 

2.  lU 

2.09 

i .  ' » 

1,'JCJ 

1.96 

1.91 

1  .  Ji 

1  .b9 

i  •  j  i 

1  .«9 

1  .  HI 

1  .30 

1  .  KU 

1.79 

1.7i 

1.73 

1.71 

1  .  ub 

1.60 

1  .  : 

1  .b-J 

1.63 

1  .61 

1  .  b9 

1.62 

1  .  » 
i.  • 

1  .bO 

1  .  b2 

1.57 

1  .  .6 

1  *  j  0 

1  .  '  .  Tj 

1 

l.bl 

1  .51 

1  .  19 

1.55 

X  • 

l.b2 

1.61 

1  .b7 

1  .  Ob 

1  .  b  3 

I .  -  .<( 

1  .G2 

1.62 

1  .62 

1  .  0  1 

1  .  J  0 

1  .  .0 

■  1  .brt 

1  .  bb 

1  .56 

1 . 56 

1  .  b  b 

1  . 

1  .bb 

1  .  Ob 

1  .57 

1 . 57 

1.55 

A.  • 

1  •  Dh 

1. 56 

1.57 

1  'jO 

1,5b 

1  . 

1 .  bo 

1  .  b9 

1  .  o** 

1  »bt 

1  .  0 

UF  KHS  = 

1.67 

T  I M  ^  0!»  T  A  ^  6 

LT  (5r.C5J 

U.IO 

0  .  b6 

1  .UC 

2.  Ul 

3  •  0  0 

‘t  •  u  ^ 

b  ,  0  b 

0.  70 

o  .93 

S  •  Ob 

•  5  b 

/  ♦  '  1  r* 

b.ll 

9.13 

9,9b 

9 . 55 

10.91 

n .  -1 

12. 3b 

13.09 

13,01 

19.5b 

15.56 

!::•  -1 

1(..5? 

1  7.bl 

19.61 

19  •  t>o 

2  J  .  6  5 

1  •  1  ^ 

2  2.72 

23.67 

2  9,72’ 

2-5.  77 

2  F,  .  7  5 

:?  7  ♦  7  J 

2.'i.H2 

29.79 

3  0.05 

31,12 

5  ?  .  1  3 

/.  ^  *  i  . 

39.1b 

3b.  18 

3  t:  .  2  0 

37.  ;*2 

3  .23 

90.27 

9  1.32 

9  2.29 

93.33 

9  5 . 9  3 

9  5.27 

96.27 

9  F,  .  9  9 

97  .  ^3 

9  ,1.2  3 

oU.27 

51 . 31 

52.31 

b  3 . 3  3 

j  '1.39 

‘  -  J  to  '•  s 

b  b  .  3  b 

57.19 

b  rt  .  1  3 

51  .73 

j  5  ,  t  11 

J  '  •  '  *  1 

6  U  .  b6 

61.92 

0  2 . 9 1 

b3  »  ^5 

0  5 . 0  U 

t  J  . 

b  b  .  2  0 

67.20 

{» b  ,  3  0 

;-‘9.  :.7 

7  J.32 

7  1.1 

7. -.33 

73.33 

79,37 

/  0  .  3  7 

7t.  .9  1 

'fl  b 
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SF  test  5 

t<  ULL 

STEP  FUNCTION 

■ 

VALU 

L  OF  tR8..'K 

<5  •  1  o 

1.57 

1.72 

1.57 

2.12 

1  .  ’5 

1.47 

1.70 

1  .  i>b 

1.61 

1  .  '  .  ’I 

I. 60 

1  .  u5 

1.65 

1.  47 

1.5  3 

1  •  ’t  r> 

i.'iy 

1.45 

1  .46 

1  .  tO 

1.4  3 

1  .  -.4 

1.  Jtj 

1.54 

1  .54 

1  .  50 

1.2  6 

1  .  ;  J 

i.2y  ■ 

1.27 

1  .28 

1 . 28 

1.2  6 

i  .  7 

1.45 

1  .46 

1.45 

1.4  5 

1  .  '1  2 

1.51 

1.58 

1  .  >7 

1.57 

1  .  i. 

1*56 

1 . 56 

1  .55 

1.52 

1.52 

1  .  - 

1 

1.62 

I  .63 

1  .  »1 

1  .60 

1.1 

1.56 

1.5« 

1  .67 

1.67 

1.67 

1  ,  ,0 

1.65 

1  .  b5 

1  .qH 

1.^5 

1.55 

1  .  .  1 

1.62 

1  .  »0 

1  .60 

1  .  39 

1.56 

1.7 

1  .57 

1.55 

1  .56 

1.34 

J  .34 

1  .  ■  ,  ,5 

1.57 

1 . 56 

1.58 

1  »  3d 

!.■=.« 

i  / 

1  t-AN  OK  K  »'S  = 

1 . 52 

TIME  ON 

target  (SECT;) 

0.06 

1.0b 

2.0b 

5,10 

■5 . 0  o 

H  .  .,0 

5.Q4 

b.Ol 

7.01 

8. 03 

V.O  1 

■  >  .  ,  6 

10.01 

11.05 

12.08 

15.  11 

1  ‘1 » 0  ;< 

1  .  1  3 

16.15 

17.11 

18.14 

19,20 

2  0.20 

21.14 

22.25 

25,22 

25.79 

24  ,  ^7 

2  3.56 

2  .  2 

2  7.5.J 

26.57 

2  6  *  6  5 

.  u  ►  ■ .  1 

5  1.70 

3  1  •  1  ' 

5  2.55 

55.08 

5  4  ,  0  9 

3  J  .  j4 

5  6  .  D  2 

3  r . 2 

50.60 

56.14 

53.27 

40  .  32 

4  1  ,5-l 

4  .  •  1 

4  5.52 

44.51 

4  5.  . 53 

46,  64 

4  7  •  5  D 

'♦  -.42 

4  ;*.25 

4  0.25 

50.21 

3l  .  ;-2 

52.22 

3  5.  '7 

34.2  7 

55.26 

55.20 

56,02 

5  •  >  c. 

■...  .  i!  1 

5ct  .66 

6  0.05 

o  1  .08 

t>  2  .  11 

o  5  .  1  0 

■  '■  .  ■  ■ 

6  3.1 5 

66.15 

67.17 

DO  .  2  C 

6  V  •  2  0 

)  0  .  1  J 

7  1.10 

72,^2 

7  5,36 

7  4  .  2  D 

7  3.2  V. 

7.7 

7o.72 

77.12 

78 , 0 7 

70  .  ..0 

7  3.12 

■  1.  .  1  j 
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SF  test  6 


<  KL 

Sirp  rUNCIION 


l.li 

1.11 

KM:.,  v/AUl)-: 
2.04 

UF  L4((.'-i< 

2.30 

2.0  0 

1  .  5 

1  .4  t 

1.7: 

1.67 

1 .02 

1 . 33 

1  .  4  u. 

l.'tD 

1 .  o8 

1  .67 

1  .  6‘t 

1.64 

1  .  ? 

I.'*  J 

1.55 

1  .5/ 

1  .  74 

1.87 

1  .  .  U 

1.7o 

1  .  76 

1  .7  b 

1  .  72 

1.70 

i  •  .  b 

1.65 

1  .b4 

1.62 

1  .  #1 

1 . 3 

^  •  '  u 

1.61 

1.63 

1.57 

i  .  r#6 

1  .  5 

1  .  ■ .  ? 

1  . 

1.51 

1  .50 

1  .  4.1 

1.4  3 

1  .  '♦tJ 

1 . 45 

1.43 

1  .  46 

1.44 

1  1 

i.na 

1.48 

1 . 4 .4 

1.45 

1.4  3 

1  •  J  7 

l.bt 

1 . 55 

1  .5-j 

1  .  5  5 

1.52 

\  ^ 

1.51 

1.50 

1  .50 

1.47 

1.49 

L  •  -*  c 

1.51 

1.53 

1  .53 

1.34 

1  .b  0 

1  •  5  U 

1  . 

1  .£.a 

l.aS 

i  .1.2 

1  .  ^4  . 

1.38 

L.57 

1  .  w  6 

1  .55 

1  .  r.b 

1.33 

I  .  >'■* 

0  F  k  >i  S  - 

U.21 

1  .  'Jb 

1.23 

rr-lb 

1  .  4  ‘i 

rAi'ot  r  t  ) 

2.1b 

1.2  6 

1  •  ^ 

D  .  2b 

b  .  24 

7.2b 

8.3* 

■>.31 

I  U  •  c# 

11.:: 

11. o4 

12.13 

13.1b 

1  4  .  1 

1-1  •  ,  . 

1  -.1.65 

16.68 

1  7  .  be 

18.10 

14.54 

J  ■* .  i  1 

.  4 .  ■  ^ 

20. i: 

21.14 

2  2.18 

22.  ;>  9 

2  3 . 8  i 

2b. 42 

2  7.44 

2  8  . 

.2  5 .74 

^  ♦  Ow 

5  1  .OJ 

31.54 

3  3.04 

3  4  .  J  o 

3  -,.07 

j  u  •  o 

i  f.lu 

38.12 

3  4  .  l-b 

')  0  .  1 5 

4  1.17 

H 

5.2: 

44.22 

4  5.22 

4  6.22 

4  7.2b 

^  *  ■’  ^ 

‘♦4.37 

49.34 

30.36 

3  1.46 

3  2.41 

.  *+  1 

•j  5  . 1  5 

•>‘♦.13 

5  3  .It# 

3  6  .  14 

3  7  .  1  6 

‘■'•it) 

rj  >  .  1  7 

h  0  .  1  4 

O  0 . 8  1 

b  1  .  L#  3 

b  .  b  8 

'  '  ^ !  7 
b  '  ,  M 

6  .  52 

64,5b 

6  3  .  o  2 

t>  6  .  o  1 

b  !■»  .  0  *2 

6  . 5  3 

6  4.37 

7  0.40 

71  .  38 

7  2.57 

7  3.41 

• 

T 

7  0 . 4  2 

7b  .4  7 

77.  30 

7  b  .  4  c# 

/  ‘  .  .*0 
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SF  test  7 


■<  111 

STlP  FUIJCTIO.4 


kms  valui  of 

LKK  JR 

?.77 

1.37 

1  .93 

3.01 

2.91 

2  .  8 

2.3J 

2.8b 

2.3d 

2 . 2  S 

2.17 

2.13 

i?.02 

1.9V 

2.01 

2  .  U1 

1  »  8  b 

1  .  JM 

1.87 

1.88 

1.80 

1  .  /  -J 

1  .HO 

L  .  / 

1  ,  7t) 

1 . 77 

1  .  78 

1.81 

1.32 

1  .  ■ 

1.8  V 

1.8b 

1,08 

1  .  38 

.  0  1 

’  .  0  0 

l.VV 

1  .37 

2 .00 

1.33 

1.3.'- 

i  .  m: 

1.87 

1.87 

1  .  8  o 

1  .  j8 

1  1  ^ 

4  •  J 

i  .  ■ 

1.87 

1.87 

1  .  h  fa 

1  .  i8 

1  .  o  2 

1  .  '  3 

1  .VO 

1  .  M  0 

1  .90 

1  .  0*1 

i  .  b  0 

i  •  .  to 

i.ab 

1  .  b  3 

1.83 

1 . 8  2 

1  .7  3 

1.50 

1.7b 

1.78 

1 .76 

1.7b 

1 . 7  t . 

1  .  3  ■  i 

1.7/ 

1  .  78 

1  .7b 

1  .  7fa 

1  .  7f> 

1  »  r 

i.  •  >  . 

1.72 

1.73 

1.72 

1  .  71 

i  .7U 

1-7? 

1.77 

1  .  75 

1.78 

1.73 

1  . 7 

1  .  7  2 

OF  = 

1  .fab 

IH:.  0,-;  lAKO 

2T  loETCfa) 

0.00 

0.71 

i  .98 

1  •  Ofa 

1  .D  5 

fa  *  3  t 

3,bi. 

8  •  bl 

0 . 8  » 

fa  •  b  3 

f>  .98 

7.,h  j 

8.31 

3  .  od 

9,71 

10  ,  30 

11.31 

13.33 

18.38 

lb.  3m 

Ifa,  39 

17.39 

1  ji 

1  8,6‘j 

lb.  88 

1  V,8t> 

19,  Ob 

19.81 

2  0 . 8  ! 

2  1.20 

22.2b 

2  3.19 

23 . 20 

2  3.2/ 

.5  .  .1 

28.73 

29. bV 

2  b  .  O  o 

27.  7m 

2  .  7  ) 

2  ;  .  7  M  ' 

30.79 

31  .  7V 

3  2  .  d  b 

33.  ;7 

3  M  .  o  9 

'..i2  1 

3  9.0b 

3b.  fad 

3  (1  .  7  U 

37  .  72 

i  ,.72 

3  1  .  •  ,  r  1  1 

3  V  .  fa  j 

3-?  .  73 

•-  .7V 

8  1.79 

M  •  8  b 

fa  f: 

88.btJ 

8b,  82 

8  fa  ,  fa  V 

8  7  .  r,  o 

8  (.  ,  > 

8  ■>  .  '  1  ' 

00.9  7 

0  1.99 

02  .97 

b3 .  Vb 

b  M  ,  9  7 

b  u  .  1  3 

00,82 

0  7.38 

bd .  3fa 

9  9 ,82 

■J  0  .  M  1 

■J  1 . 8  7 

8  2.87 

3 . 8  o 

o  8  .  1 0 

fa  b  ,  b  3 

.  1  7 

fa  o  .  0  3 

faL.bO 

o  7 . 0 1 

bfa  ,  jb 

b  '  »  0  0 

7  ; .  ,t, 

SF  test  8 


^OUL 

STfclP  FUNCTION 


8 MS  VAtU 

c  OF  EK  k  JR 

1  .9<i 

1.91 

2  .82 

3.25 

3.0  4 

.7 

2.46 

2 .3;: 

2.23 

2.89 

t-*  •  :  J 

2 . 48 

2.42 

2  ,  33 

2.27 

.  '1 

?.  *16 

2.14 

2.0  9 

2  .  J4 

^.0  1 

8.01 

2.01 

2.02 

1  .97 

1  .  (b 

1.91. 

U 

1.89 

1.94 

2.00 

1  .  )8 

1.9  4 

i  .  < 

1.94 

1.96 

1  .97 

1.92 

1.91 

1  . 

1 .86 

1.69 

1  .68 

1  *  08 

1  •  6  8 

1 . 

1  .82 

1.8  0 

1  .riO 

1  .  /.J 

1.7  7 

i  *  /  ■» 

1.74 

1  .  78 

1  .74 

1.71 

1  .66 

1.78 

1 .60 

1.  77 

1  .78 

1  .  77 

1.74 

1.7. 

1.7b 

1.82 

1  .ol 

1  .  79 

1  .  7  '< 

1  .  /  R 

1.77 

1 .  77 

1  .77 

1  ,  76 

1.78 

1  .  ''H 

1 .73 

1.72 

1.73 

1  .  71 

1  .Vh 

1 .  ■' 

1  .  73 

1 . 72 

1.71 

1.  72 

1.7  0 

1 .  ■  J 

OF  KMb  = 

1.90 

TIME  ON 

TAHOET  (SECS) 

0 .06 

0.84 

0 . 80 

0 . 86 

1.13 

'.12 

3.18 

4.20 

8.16 

6.21 

r.  •  2  o 

'  1  .  . .  0 

C..91 

7.18 

H  .  1 9 

9,20 

10,23 

11.0 

1  2 . 2  i 

13.28 

14 .2o 

18. 28 

1  f,  .  3  8 

17.14 

17.19 

18.08 

19.01 

} 

2  1.08 

.  J , . 

23.10 

2  3  .  -j  4 

2  3 . 8  8 

,  -i .  12 

2  4  .  o  7 

2^.92 

26.  17 

27.16 

2  6.  20 

2  V  .  2  0 

3  0.87 

3  1,28 

31. o2 

31.93 

35  .  .18 

.3  .3 , 9  8 

.  ■■ 

38.08 

3b  •  07 

37.10 

38.13 

8  ^  •  1 

4  0.17 

4  0,99 

41.49 

42.81 

43.47 

4  4.42 

■»  '3  .  '  '' 

4r>.ll 

4  6.13 

4  o  .  9 1- 

no.  62 

4  v.O  1 

8  0  .  8  3 

8  0.77 

8  0.82 

8]  ,37 

82 . 3o 

8  '  .  3 

4  .  '  ‘ 

8  .42 

88. 94 

8  o  .  rj  0 

87.  /? 

8  .  7  2 

■  j  '  .  7  4 

(j  U  .  7  6 

bl  .  79 

:>  2 .78 

63, 78 

6  3.76 

b  4  .  (  J 

6  8.42 

b  u  .  4  6 

'1  7 . 4  <j 

6  9.  8  0 

t>  9 .46 

70  .  .  ■ 
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I 


f. 


SF  test  9 

KOLL 

STEP  FUNCTIO.J 


RMS  VALOl  of 

JR 

<1.2^ 

1 . 76 

1.58 

1  .  48 

1.41 

1  •  ■  j 

l.<»6 

1.A7 

1.1/, 

1 .  ib 

1.30 

1  .  ■■  2 

1.20 

1.^2 

1.25 

1.33 

1.35 

.1  .  -.1 

1.61 

1.55 

1  .58 

1 .54 

1  .52 

1  .  /I 

1.78 

1.76 

1  .  IS 

1.71 

1.73 

1  .  /  7 

1.76 

1.79 

1 .76 

1.  76 

1.70 

1 . ;  0 

1.70 

1.66 

1.6b 

1  .  66 

1  .  b  4 

1  .  0 

1.60 

1 . 68 

1  .67 

1  .  o4 

1.65 

1 .  . 

1  .61 

l.hl 

1  .64 

1.  74 

1.72 

1 .  '1 

1.72 

1.69 

1  .69 

1  .  bb 

1.66 

1 »  •  1  > 

1.6b 

1 . 6S 

1  .65 

1.61 

1  .60 

i.  -  i 

1.61 

l.ol 

1.61 

1.  t.l 

1.59 

A  •  • 

1  .57 

1.57 

1.57 
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1.06 

1.05 

1  .04 

1  .  0  0 

1.04 

i 

1  .  Oh 

1.0b 

1.07 

1.0b 

1.0'' 

1 

1.07 

1.06 

1  •  Gd 

1.00 

1.0  7 

i 

AN  OF 

t,05 

El  •IE  0(V 
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0.2  0 

U  .7h 

1.73 

2 .78 

3.  74 
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6 . 7  b 

7  .64 

8.40 

9.4  1 

1 

1  U  .6s 

11.71 

12.73 

13.  71 

14.7 

1 

1  u  .  H  1 

17.  b3 

lb.  7b 

19.  c5  5 

2  0.84 

I 

22  .  IS 

23. d2 

24  .bd 

25.  ^0 

2  .  4  5 

7 

2  b  .  4  S 

2'7.b2 

t'7  .92 

30  .  70 

3  1.79 

33. bO 

3h.  19 

3  b  .22 

3b  .  24 

3  7.22 

3-7.22 

40.22 

41  .28 

4  2.26 

4  3 . 2  L 

‘T  ♦ 

4  b.2H 

4b. 32 

h7.3h 

48. 3d 

4  .  4  1 

•  J 

d  1 . 3d 

3  2.37 

53.42 

54.38 

3  3.46 
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5  7 . 0  1 

5  7.34 
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d9 . 54 

b  0 . 5  4 

1 

b  2 . 3 1> 

b  3  .  U  7 

6  4  .  0 .1 

65.15 

6  L>  .  0  u 

,7 

b  .  1  0 

ob  .  b8 

o')  .66 

70.70 

7  1.72 

7  2 

7  3.40 

7  4.38 

74.37 

75 . 05 

7  .  0  6 

7  /• 

77.^71 

7b. 41 

74.lt, 

80.18 

8  1.15 
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H  ILL 

sjm  ok  si:.i:  .lAvfj  functiom 
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1 . i 

1.  '  l. 

1  .  V. 

1 . 

i  .1  1 

1  . 

1.23 

1  .23 

1.06 

1.16 

1.17 

1.22 

1.11 

1.  06 

1  .  1  c; 

1.20 

1.13 

1.07 

1.11 

1.07 

1.0“# 

1.08 

1  .10 

1 .  n 

1.05 

1.11 

1.11 

1  .10 

1.11 

1.07 

1.07 

1.  03 

1  .07 

1.09 

1.0'? 

1.07 

1.09 

1.03 

1  .  u7 

1  .Ou 

1.06 

1.06 

1 .05 

1  .  05 

1.06 

1.06 

1.07 

1.0b 

1  .  Ob 

1.06 

1  .05 

1.07 

1  .Qu 
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1.0  6 

1.07 

1.06 

1.03 

1  .  u7 

1.07 

1  .  0  3 

1.0b 

1  .  0  o 

1  .  06 

1.06 

1.05 

1.06 
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1.07 

1.07 

MEAN  OF 
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7  I  ML  ON 
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0.0 

>  1.13 

2.08 

3.10 
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t.li 

7.18 

b.lV 

9.1';. 

lO.lV 

12.26 

13.25 

11.31 

13.30 

16.31 

1  >i .  3 1 

19.39 

20.36 

21 . 13 

2  2.39 

21.32 

25.30 
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27.03 

2  5  .  M 
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31.12 

32.39 

33.13 

3  1.3/ 

35.60 

36.72 

37.16 

37.92 

3  8.93 

11.02 

12.02 

1  3 . 0  2 

11 .  o3 

13.01. 

1  o  .  0 1 

17. 82 

1  6  .  b  3 

19.  i5  7 

5  0.85 

3  2.86 

53.92 

31.91 

33.  >;■ 

3  0.92 

5  H  .  7 

60.02 

60.91 

61.35 

6  2 . 5  (* 

61.51 

6  5.33 

b  6  .36 

;,7. 37 

3  6.60 

70.17 

71.16 

72.10 

72.  b 7 

7  2  .  ?  3 

71.91 

73.95 

7<,.97 

78. 01 

7  9.00 

60.90 
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8  2  .9  7 

65.  a 

3  5.8? 
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3i.9j  39.7  b  ‘♦l.O'i  91.7}  9... Do 

9.1  a2 - iLiijiii _ lUjJJj _ _ 9 

9  9.79  50.77  51. 7  b  52.7.-}  53.9rt 

.  5  5.52 _  . ..  _ 3  6.jii _ hi m.L3 2 -.21 
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0  0^0 
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..._24.i2..._ 
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t. 


•<  ILL 

Sort  OF  waves  FU:jCTIO.-j 


Srtb  value 

Or  t  A? R 0 r< 

1 . 

■*  1.11 

1.4 

i  .  ■ 

1 .07 

1  .  i  4 

1 

1  . 

1.7  . 

1.7<t 

-1.7  5 

1.70 

1  . 

1 .6^ 

1  .L4 

1.  7j 

1  .  o 

1  .  ti  4 

1  .  b  -i 

1  .&H 

1.65 

1  .bo 

1  .  nO 

1 .6^: 

1.7b 

1  .  79 

1 .70 

1  .  74 

1.7  1 

I.?** 

1.  7b 

1.75 

1.70 

1 .7U 

1.7^ 

1  .  7tt 

1  .hO 

1  .  7o 

1.77 

1.7b 

i  .  /  b 

1  .  7  o 

1.71 

1.7  5 

1.74 

1  .  74 

1.75 

1  .  74 

1.7s 

1 . 7 1> 

i.7b 

1.74 

1  .  74 

1.7c. 

1.77 

1.  77 

1.77 

1  .  ■'  4 

1.7b 

1  .  7o 

1  .75 

1.71 

■  . .  7  ;< 

1.76 

1.74 

1 .76 

i  .  76 

1.77 

1.7o 

1.77 

i  .77 
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1.74 

‘A!'I  OF 

FKS=  1.72 

TIME  ON 
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0.4  b 

1.19 
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2.9' 

•  '“f 

4.74 

4.78 

.  1  5 

5  .  •)  5 

;1 .08 

b.«4 

7.45 

4.55 

9,04 
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1 0 . 0  0 
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1  7. 7b 
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19,70 
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56.22 
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5  2,40 

39.10 
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4  2.51 

4  5.1;) 

45.44 
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4  n  .  2  4 

47. u9 
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0  0.12 
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<  JlL 
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1  '1.23 
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U3  test  9 


’J  JLL 

iui  0^'  SInE  waves  FUVCTIOi 
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L  .97 

1.  ]  1 

,  .  . 

1  .  .  d 
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1.10 
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1.11 
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1  .  06 

1.06 
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1  .0£ 
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1  .  06 

1.06 
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1  •  u  7 
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1.0c 
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1.04 
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ru 

• 
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koll 

SUM  OF  Sl  Jt  UAVlS  FU'^CriGN 


<•■1^  VALUC  TF  FKROrt 
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1  .  •♦  “* 
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1  .  ,• 

1 .11 
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0.96 
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0 .99 
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0.96 

0.97 

0.97 

0.96 
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0.99 

0.96 
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0.9  7 
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Jb  .67 
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MK  test  4 


JLL 
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1  .•-  7 
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1.11 
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X 
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1.1b 
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1.1^ 

1.13 
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1.11 
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13 

1.13 
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1.1^ 
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.5  ,'  .1  7 
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‘+  *  •  •  "f 
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mi;  test  5 


«  OLL 


OF  S1\L 
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0  • 
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1.41 
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1.27 
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1  .  - 
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J  .23 
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1.14 
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1.20 

1.14 

1.16 
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1.16 
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1.00 
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40.41 

3l  .  42 

3  2.44 

j  s  .  3  4 

30.11 

•>3.4  7 

b  7  •  02 

37.54 

J  7  .  7  6 

3  '1  .  7  1 

34.74 

t,0 .77 
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MK  test  6 


H  JLL 
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1.11 

1.11 
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1.13 
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1.0b 
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1.07 
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1.0b 
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1,0b 
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1. 
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OF 
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0.98 

1  .63 

2 . 60 

1'  .63 

J,fa9 

6.93 

b  .  b  0 

7  .b3 

.  f;  .9 

10.61 

11.90 

12.25 

13  .  ,i9 

19.2b 

16.23 

1  b.  95 
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Ifa .  >9 

j  .  0  1 

22,02 

23. 03 

2  3.57 
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3 . 0 

2  7.12 
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33.17 

39.15 

3  3.1b 
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90.22 
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=  8.80 
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m;  test  7 
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2  .Oa 

2  .  L> 

.  0  J 

;a:i  of  rms= 

1.98 

I  Ml  on 

fAdOtr  (S2CS) 

0  .  r.  h 
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1  .99 

.'.b 
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I-IK  test  8 
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Mfl  test  9 
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Ml'  test  10 
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1 . 1 

1 

1  .  10 

1  .Irt 

1.21 

1.2  b 

1.10 

1.1b 

1  .lb 

1.13 

1.1b 

1.20 

1.21 

1.29 

1  .  .'2 

1.2  7 

I.IM  . 

1  .  J  1 

1  .  2  2 

1.27 

1 1 

1.2h 

1.2b 

1  .22 

1 . 2b 

1.3  1 

1  .il 

1.27 

1 .2b 

1  .  2  ■< 

1.3  0 

1  .iii 

1.33 

1  .33 

1  .  32 

1.33 

1.30 

1.29 

1  .2b 

1 . 29 

1 . 2  b 

1.3.i: 

1.51 

1  .32 

1.31 

1.50 

1 .3  0 

1.2‘> 

1  .2H 

1 . 29 

1 . 2  b 

1 .33 

1 . 39 

1 .33 

1  .  33 

1.3  1 

1.31 

1.31 

1.32 

1.31 

1 . 3  [i 

1.30 

1.30 

1  .30 

1.30 

1.2b 

:An  OF  R!-;3= 

0.96 

T 1 ON 

TAkGlI  (StCS) 

0 . 0  b 

0  .  J1 

1.79 

2.13 

2 .  -i 

.H; 

b .  86 

b  .  9  1 

7. 

-.71 

9.8b 

lb. 91 

1  1  .99 

12.9  9 

1  .  3  9 

1  b,  71 

1 1  .  7  b 

17.13 

17  .  ..0 

1  ..  .2 

1  rt  .  9  n 

19,96 

20.91 

2  0  • 

2  1  .  6  t 

2  3.37 

2  9  .  1  >9 

2  9  ,05 

2  9,  lo 

2  v,  .  ,j  2 

2  7.89 

2  b  .  9  0 

2  9.92 

^9 . 9b 

3  0.63 

3  1.09 

52.07 

33.07 

33.20 

^  .  b  9 

39.67 

5b. o9 

3 » 1 .3  7 

j7  .  3d 

3<  .39 

9  0.22 

91.23 

9  2  .28 

9  3.26 

A  9 .2  1 

99.31 

9b,  32 

9  6.29 

97 . 2  2 

A  '1 , 2  2 

9  9.89 

D  0  •  b  6 

b  1 .79 

bl  .  98 

b  5  *  0  i 

b  3 . 2  b 

5  3 .26 

6  9.12 

bb  .  J  9 

b  o  .  1  7 

5  8.17 

b  .  0  b 

bO.09 

b  1  .  1  3 

6  1 . 5  f 

o3.20 

o  9  •  2  0 

b  b  .  0  2 

bb  •  A  d 

b  .  b  J 
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^'iK  t08t  1,13 


■<  jLL 


OF  SI 

wAVlS  fumction 

KMS  VALUL 

OF  LKKOK 

1.7 

1  .Jc 

1  .  .  1 

1.1. 

1 ,21 

1.17 

1  .  1  '1 

1  . 

1  ,:>.j 

1.1') 

1.  16 

1  .21 

1.17 

1.17 

1.17 

1  .  1  Cl 

1  .  lo 

1 .2J 

1  .lA 

1.1b 

1  .  l  -j 

1 .  It) 

1.  ua 

1.1;' 

1  .  lu 

1.1^ 

1  .12 

1.11 

1.12 

1.11 

I.IQ 

1,09 

1  .IJ 

1.1.1 

1.19 

1 .1.' 

1.12 

1.11 

1.12 

1.11 

1.10 

1  .12 

l.lH 

1.13 

1.12 

1  ,  :  7 

1.11 

1  .  j7 

1.17 

1.11 

1  . 

1.12 

1  .  1  J 

1.12 

1  .  1  > 

1.11 
1.11 
1  .  IM 


1  . 

1  .  1  1. 
1.20 
1  .  1  J 

1.11 

1.1-. 

1.17 

1.1) 

1.12 
1.10 
1  .  1  0 
1.1'- 

1.11 
1.1'- 
.  .  1  •! 


.  .  1 

i  .  1 

1.17 

*.11 

1.11 
I  .  1  j 
1  .  1  . 


1.1  = 


r  i.iL  ON  rAKGCi  (ulcs) 


0  .  D  1 

0  .91 

1.91 

2.93 

1‘.  . 

i).oa 

0.33 

7.39 

8  ,  lo 

••  .  o 

, , 

J  .bl 

9.b9 

10.99 

1 1  .  1  i 

1  ,  ' .  :>8 

1  5.89 

l9.o9 

1 '  .  b  0 

1  3  .  V 

1  7.8  3 

_  . 

1  ,  9  1 

2  0.88 

J  1  .  ;  9 

2  1  .  7 

u  r.  •  ."5  ir' 

^  . 

2  3 . 7 .1 

2  9  .  b  0 

2  8.27 

23.  79 

2. -.7  0 

)  7 

2  H.0  9 

28.8  7 

2  9  .b7 

5  0  ,  b 

b  1  .  6  0 

.  7 

3  5. 20 

59.28 

3b  .28 

*>0.28 

5  7.30 

3  9  .  1  M 

b'J.il 

9  'J  ,32. 

91 , 39 

9  .  .  3  '• 

9  3.b9 

99  .  o9 

9^.  72 

9  8.  76 

9  7.79 

H 

'*'.<.2  9 

b  0  .  ih 

8  0  .  b  9 

b  1  »  0  9 

D  1  .  1  2 

] 

' 

■J  2 . 7  7 

b3.  79 

b9 .7a 

U  b  .  79 

b  11 . 7  (' 

V.  ' 

b  •)  ,  c5 1. 

b9.b2 

O  0 . 9  D 

o  1  .  9  2 

h  ■’  .  9  / 

89,00 

8  9  .  1 8 

8  b  .  Ob 

6  b  »  U  2 

j  .  1  0 

•  1  vI 

0  8.63 

8  7.23 

t)  7  ,  8, 3 

6  b  .  7  9 

•J  )  .  a  3' 
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:-li\  test  12 


•<  'ILL 
iUM  Or 


,  V  L  o  F  U  0  C  T  1  0  !  1 
KMS  V<\LUE  OF  LKr(Cif< 


1 .  . 

1.5;: 

ij  .  .<  1 

1  •  J  5 

1 .  . 

1  .  i  r 

1.11 

1  .  u  5 

1  .  ■  - 

1.1- 

i  . 

i  ■’ 

1.3t. 

1  .  1  t( 

1 .16 

1  .  J  7 

1.0  7 

i  . 

L  1 

1  •  t  o 

1 .  Ub 

1  .  0  -J 

1.63 

1.0  3 

,  1 

1.06 

1.02 

1.13 

1.13 

1  .1  •- 

;  , 

1  .1  ri 

1.17 

1.17 

1.19 

1  .  1  O 

u 

1.1* 

1.22 

1  .dd 

1.20 

1.17 

’  . 

.'  ] 

1.21 

1.19 

1.17 

1.19 

1.1b 

1  . 

1  .lo 

1  .  l6 

1.17 

1.14 

1  .1  ■, 

1  • 

i.  / 

l.lo 

1.17 

1  .lo 

1  .  Irt 

1.1) 

1  .1  J 

1  .  lu 

1.1) 

1  .  i7 

1.1!' 

- 

1  ( 

1.17 

1.17 

1  .  1  6 

1.16 

1  .1  6 

1 . 

\  •* 

1.16 

1.14 

1.17 

1  .  l6 

1.1  6 

1  , 

1 

1.1-^ 

1.14 

1.14 

1.14 

1  .U 

1  * 

1.1-r 

1.13 

1  .14 

1.15 

1  .1  4 

1 

A  • 

‘  ■■ 

A.']  OF 

p;'s=  1.12 

1 

Ti>t:  OM  r 

'<  K  3  L  r  ( s  L  c  s ) 

0.3 

1  1.31 

2  •  3  o 

2  •  6  '> 

6  •  2  '• 

t 

■  :  1 

e  .  2  b 

7.2b 

(1  .  .'-'d 

•■.3i, 

1 

• 

1 

1  1.36 

12.  5d 

13  .^6 

14.  3 

1 

-t  .  6  3 

] 

[ 

''  1 

1  t.  •  6  6 

1  6 . 0  9 

1  O  .  0  n 

18. 9  6 

1 

•.99 

1  • 

p  1 

2  2.0d 

23.32 

2  3  ,*:•  ) 

25.  -2 

4 .  3 

' 

^  • 

1 

2  o  .  2  j 

2  ii  .  6  7 

2  7.19 

2  7  .  :,b 

-1 

,)  .  h  •. 

• 

? 

^  )  .  2  2 

2  9  .  o  0 

5  U  .  2 

>  1  .  J  i) 

2 . 1 

• 

.  * 

3  . 2  3 

3b.  19 

3  6 . 1  d 

37.  .'2 

5 

.  2  0 

1 

“♦  J.2‘r 

4 1 . 2  a 

4  1  .  i>  o 

4  2.  j  6 

'1 

'«•)/’ 

.  . 

i 

46.2. 

4  b  .  2  0 

4  6,93 

4  5.'  2 

0.72 

- 

r 

7  .  ' 

45.77 

4  9  .  d  1 

D  J  ♦  O  n 

.  .  6 

1.' 

1  .  6  - 

,, 

■  1 

6^,67 

64.41 

6  6 , 52 

-  6  .  5 

J 

7 . 2  ■, 

1  1 

n  > 

5  0.12 

,0.47 

t  0  .  '  2 

1  ,3„ 

i 

o  .  4  G 

04.41 

O  b  .  4  1 

‘  b  ,  4  2 

a 

7  .  1  ‘■ 

t 

.  :  1 

‘j  t  5  .  5  3 

o  9  .  17 

7  3.17 

7  1  ,  3 

L  .22 

7 

» 

/  i 

I 

205 


,0«»VU 


MK  tost  13 

OLL 

>brl  oH  b  1  \l  hAVCb  FUNCTl 

KMS 

u  i> 

V  ALur 

Jf 

jn 

1  .  1 

1.^7 

1  .  ii 

1  . 

'.J 

1.0  0 

1.1^ 

1.2b 

J  .  t 

17 

1.11 

1.07 

1.1b 

1  .  U  U 

1  . 

1'^. 

1.0b 

1  .0-J 

1  .  US 

1  .00 

1  . 

01 

1.0  1 

1  .Oh 

1.07 

1.0b 

1  . 

ol 

1.0  b 

l.Ca  • 

1 . 02 

1.01 

1  . 

J  ci 

1.0b 

l.Ou  . 

1.00 

1  .02 

1  . 

ul 

X  .  0  1 

1  .0: 

1.01 

1.02 

0  . 

1.0  1 

1  .OC 

0 

1.0.- 

1 . 

01 

0  .  HS 

1  .OH 

0  .  S9 

1  .Ou 

1 . 

JO 

1.0  1 

1 .00 

1  .  JO 

1.01 

0  . 

;  T 

0 . 9  ) 

1  .01 

1.00 

1  .01 

1 . 

uD 

1  .  U  H 

1  .0  J 

1 .02 

1.01 

1 . 

j  b 

l.Oi 

1  .o:> 

1.01 

1.0b 

1 . 

u  1 

1.01 

1.0? 

ci'’  r;-s= 

1.01 

1 .03 

1  .01 

1 . 

12 

1.0/, 

Tl'ir  UM  IA86 

tl  (JtCt) 

0  .brt 

1 . 1  b 

2  .  6  C 

3.  -1 

‘t  •  U  U 

0  .  b  b 

7  .  t,  8 

.  0  b 

9  .  .xH 

1  J  .  6  b 

12.7/ 

13.71 

19.71 

1  b  .  7  H 

1  r,  .  3  ft 

18.^1 

19.91 

2  0.39 

21.92 

2  2 . 1)  c 

2  9.08 

2b.  12 

2(..12 

27.12 

2  .  1  b 

b  J  .  1  c 

3  1.17 

3  2.19 

33.17 

i  *•  ,  1  0 

b  u .  2h 

3  7.20 

bl-  .2b 

39. 27 

9  0.29 

92.2ft 

9  0.27 

99.31 

93.22 

9  .  3  ? 

H  i.  bH 

99.39 

30.33 

bl  .  ‘3 

J  ^ 

b  H  .  bF 

b  b  .  3  8 

ok  .91 

b  7  .  0 

ft  7  .  J  3 

b  .9'? 

bl.  01 

b2 .03 

65  .  J  b 

3  3 . 2  „ 

6  b  .  22 

06.23 

b  7 .2b 

66 . 26 

3  .  2  ft 

7  J.22 

71.23 

7^  .23 

73.23 

7  3 . 9  0 

7  b.  83 

7  0 . 0  b 

/  7  .Ob 

7  ri  .  -  2 

7  m  1  sj 

8  1.07 

.12.0  7 

03.91 

0  9.  .-I 

1  b  .  9  0 
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MK  test  14 


<OLL 

iJM  OF  Sir»L  WAVlS  FUMCTlOfJ 


HfIS 

>/ALUt.  OF 

LrlH  JK 

77 

l.i7 

1  .12 

1  .  j  5 

1 . 2  ;• 

.  .  J  J 

l.Oi 

1.04 

1 .05 

1.11 

l.lf 

'  .  .  1 

1  .07 

1.03 

1  .06 

0 . 96 

1  .  0  j 

i  •  Wl 

0.96 

1  .03 

1  .  J1 

1.0  1 

.  .  9 

1  .O'* 

1.02 

1  .03 

1.01 

0.67 

1  .  0  0 

1.0^  ■ 

1.00 

1  .01 

1.  Jl 

j  .  9  J 

i.  •  J 

1.02 

0.95 

1  .01 

1  .  00 

1.0  1 

*  •  j  J 

0.96 

0.99 

1  .01 

0.97 

0.96 

J  .  .J  .9 

1.00 

1.00 

0.99 

1.00 

U  .  9  6 

1  .  0  'J 

0.96 

1.01 

1.01 

0  .  :>0 

0.9  i 

j  .  9 

1.01 

1.02 

1  .00 

0  .  if. 

1  .0  j 

1  .  00 

1.00 

1.00 

1  .00 

0 . 66 

1  .0  i 

•  J  J 

U.9‘7 

1.01 

0  .99 

1  .  Jl 

0.97 

i  .  U  J 

0.96 

1.01 

i  .00 

1.00 

1 .0  2 

i  .  0  J 

1.00 

1 . 00 

1.01 

1  .  02 

1.0  1 

0  .  /  ■» 

wF  P; 

,3:.  1  .00 

UMl  05  TaKG 

IT  (;'=:ci) 

0  .  J 

1.66 

2  .5o 

3  »  6b 

*1  .  b  0 

6  •  W 

6.61 

7.60 

.1.03 

9  .  ■.»  b 

10.63 

1  1  •  3  *  > 

12.66 

15.66 

14.71 

16.  71 

lb. 7c 

17.71 

lo,70 

19.25 

20.29 

21.26 

2  2 , 2  F 

2  4.30 

25.53 

2  6  .  52 

27.63 

2  .  3  7 

.  *.67 

50.37 

31.37 

3 ..  .3b 

3  3  .  -1  0 

3  .  3  h 

•  J 

3  b.  39 

37.90 

3  -  .‘<3 

3-3  .  -t  3 

■40,4  6 

‘I  1  •  t  b 

4  2,47 

4  3  ,  “tb 

Hi  ,51 

‘*6.9  7 

■1  c  .  5  t 

•  4 

4  0 . 5  3 

49,52 

50.64 

1  1 . 6  b 

62.6^ 

-  ■  .  -  6 

6  9,57 

5  5. 62 

60  •  6 1 

6  7.66 

6  1  .  b  1 

*  :  .  1 

6  6,71 

60.67 

61.71 

b 2  .  bo 

b  3.73 

*  .  *  2 

66,72 

66.50 

o7.h7 

c  6  .  H  i 

b  *.53 

i  .  V)  J 

71.51 

72.63 

73.62 

7h  .  67 

7  6.67 

7  .  bl 

77,60 

76.52 

79  ,22 

•iO  .22 

4  1.22 

'  .  7 

6  3.12 

63.60 

a  *«  .45 

65,49 

■J  .  5  0 

■7.1 
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MM  test  2 


)LL 

jr  sl\f.  FU'KFKr; 


rv'lb  7.'LU:  tr 

or!  3  ;,•< 

.77 

1.11 

1  .dd 

1  .  1  1 

1.11 

1 .  jd 

0  .do 

1  .  7 

1 . 1“. 

1.  jj 

1.0/ 

1  .  J  / 

1  .u.^ 

1  .  ud 

1  .2d 

1 .  0  ■> 

1  .t-O 

1  .  U3 

1  .do 

1  .  J  3 

1  .0-j' 

1  .  U  = 

1  .0  7 

I  •  J  '> 

1  .  a 

l.Oo 

1  .  Ut’ 

1  •  J  / 

1  •  0 

1 .  Jd 

1  .  0  d 

i  .  J  7 

L.U 

1.  10 

1.10 

1  .  2‘t 

1.07 

1 .  J 

1  .OV 

1  .  d  7 

l.Oi 

1.07 

1  .  ut> 

1  .  o‘l 

1  .Of. 

i  .  3  7 

1  .Oe 

i  .  J  n 

i.a  / 

1  .  d  7 

1.0  7 

X  •  oil 

l  .07 

1  .  d  7 

1.0/ 

1  ,  ,1  / 

1  .Od 

1.07 

1  *  0  i) 

1  .  J  7 

)f  d  1 ' i  = 

1.0/ 

111.  ON  T  At<G 

..  T  (  olC 

0  .  J  0 

1  .  d'i/ 

•  0  1 

2.  '0 

•  b  0 

s.d9 

7  .  d  o 

3  .  /d 

1  1  .6i 

1  ?  .  •-  o 

1  d  .  b  0 

Id.  .1  u 

1  /  .  j  J 

1  rt  .  u  0 

i  ■>  .  7  0 

2  0  .  7  b 

i  ^  i 

■i  •>  .dd 

d  .  H 

d7.d.', 

d  .  d  d 

2'>  .dd 

30  .  d  3 

j  i  .  d  ‘ ' 

dd .  d7 

3  d  .  1  d 

b  .  2  2 

i  d 

d  u  .  d  7 

H  1  •<:  7 

d  2  .  0  2 

■ih.ll  . 

d  n  •  d  5 

*4  b  .  d2 

H  7  .  ..'  '2 

d  d  .  -3  i 

d  J  .  3  H 

J  u  »  d 

•31  .  d  < 

0  •* .  d  d 

:)  3  •  db 

3  b  »  2  o 

•  '  7 

LJ  1 .  d  2 

t,  d  .  0  o 

.  •  Oi 

o  j  '5 

Ob.-'  / 

C.  t'  .  J  1 

>  /  •  "3  5 

7  0.O  7 

71.71 

7  2  .71 

/  ^ 

7  j  t  ^ 

7u,dd 

7  /  .dd 

/  D  •  -  i 

i 

1 

1 

1 

i. 

] 

1 

i 

1 

I 

1 

X 

i 

1 

j 


1 


M 


MM  tesi  k 


uLL 

Ot  S  1  Fu’Jf'IK."* 


fl  'i  V  -  L  i-i  0  r 

•  -  . 

i-.^O 

1  .  '13 

1.12 

1  .  ••  / 

1  .  . 

1.11 

1  .  t  <♦ 

U  •  J  «. 

iJ .  '  / 

1  • 

a. '^7 

0  . 

1  .  0  7 

ij  .  ' 

'J  •  ' 

ll  .'<t3 

J  .  b  O 

1  .Cl) 

1  •  J  ■ 

u  .  ‘V7 

1  .  u2 

0  .  ■  •*  3 

i  •  1 

i  •  L 

1.00' 

0. 

0.2  .-4 

1  .  J  2 

u . 

c  •  'jtl 

1 .02 

0  .  b  V 

U  . 

J . 

0  .'j':* 

0.'‘‘7 

U  .  2 1 J 

0  .  ■?  •' 

1.  .  ■■ 

t,  •  '?  ii 

0.  V4 

0.23 

L  .  >7 

j  , 

0  .  •<  7 

0.21 

1  .  >  J 

1  .  . 

b  *  '-»  J 

1  .  b  0 

0  .  '() 

1  .  bi) 

.  *  1 

l.Db 

1  .  (  1) 

^  .  j'- 

1  .  -i 

1 . 

1  .C  J 

1  .  u  1 

1  .0  2 

i.  .  '  ^ 

.  » 

1  .  i)  1 

i  .  u  1 

1  .01 

ti  ,  /  1 

L  . 

i  .  C  1 

u  .  b  7 

1  .01 

1  .  bU 
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_ LiUj _ 

l.la 

_ J..17 

1.1-' 

l.i'' 

1.17 

1.15 

1  .19 

1.1' 

1.19 

1.1^ 

1«H. 

1  .M 

1.1? 

1.17 

l.l'. 

1.16 

1  .17 

1.17 

1.17 

1.1/ 

1.16 

1 .16 

1.1-. 

1  .  1  i 

1.  1<; 

1.16 

1 .18 

1  . 

1.17 

.  „_.L*U _ 

_ Ul5i_ 

_ L,.IH  ..  . 

1  •  1  7 

1  ,1  r. 

1.17 

1.16 

1.15 

1  .  l.i 

1.1' 

■  Au  OF 

1  .1-j 

TIML  ON  lAnb 

lT 

.  .a  ,oji _ 

-_Lf52„ 

-  _ 

3  .  1 ' ) 

9.1  ■ 

6.21 

6.51 

7,53 

8  .  t-  S 

’ '  •  ; 

1  1 .5;.< 

12.61  . 

12. 9t 

1  3  ,  ;  8 

19.31 

16. 5  H 

16.60 

17.60 

IH.  c;3 

1  1 : 

2  1.12 

21, ‘♦7. 

21.97 

PS,  a? 

2  1./ 

2  o  .  0  3 

2  /  .  03 

2  7.!H 

26.  :’i  M 

2  ■> .  a  t 

.Jl.l** _ 

_iUi2_-. 

_  .3 2...  n't.  . 

‘  2  .  A 

3 : ,  ?  0 

3  n  .  0  3 

3  j  .  ^  7 

3  o  .  2  *, 

3  7  •  ) 

3  ;■  .  2  7 

'♦Q..52  . 

.  ‘♦1,32 

9  1,91 

92,  -7 

1 

‘*6,0  i 

‘♦6.  18 

9  ,•!  .  0 1 

i6  •  1)  7 

9  ,  .c 

-^0,6^. 

-  J  0  j  6 

51.52 

52,  U 

5  '  .  6 

5  5.22 

5b.  19 

5  6.0.“^ 

'3t.  •  ('.? 

"1  1  ,’o  > 

.5v..ei _ 

6 1  »  .'-9 

br:t  3  *• 

6^.13 

tj  H  .  7  1 

6  5>  .  9  1 

oo  .  1  j 

tj  7  .  0  u 

6  y .  0  0 

b9,e7 

69, F;  7 

70  ,  ^  3 

7  1  .  ■<  7 
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RL  test 


•? 


K  JLL 

jUM  of  SI.,E  ,^AVtS  function 


KMS  VALUl  OF 

rt<  H  L,u 

1.9b 

1.  b7 

1.12 

1.  t7 

1  •  1 

1.19 

K45 

JL  til  . 

1  .  ? 

1 

1.  lb 

1.46 

1.11 

1  .  J  .5 

1.14 

1.11 

1.05 

1 .19 

1.14 

1  .  1  ; 

1  .lb 

1.  li 

1.15 

1.13 

1  .2  j 

1.  lb’ 

1 .  n 

1.13 

1 .  n 

1  .  14 

l.lM 

1  .  14 

1.13 

1.  14 

1.15 

-U  1 5 

i.io 

1.13 

J  •  1  '' 

1  .  n 

1  ,  lb 

1.15 

1.17 

1  .11. 

l.i;3 

1.17 

1  .  U, 

1  •  i  d 

1.17 

I.IH 

1.17 

1 .15 

1  •  i  *J 

1.15 

1.17 

1.17 

1  .lo 

1  .  !  7 

1.19 

1.17 

1.17 

1.17 

1.17 

1.20 

1 .  Ih 

.  l.li' 

1  .  Ic 

1.1. 

1.1b 

1.19 

1.1a 

1  •  i  n 

1  i 

OF  HFS- 

1  .  1  o 

TIME  uN  T  AkG 

u  T  1  r.  C  5  > 

0.4^ 

.  1. 5tt 

-  ItHb _ _ 

? .  1 

l'*  •  *  ^ 

4.71 

t)  •  /  b 

6.59 

7.15 

U-.r 

9  .  1 

10. 05 

1 1  .53 

12  .  l5 

1  •  1  .* 

14.00 

15. 06 

16.41 

1  5  .  >  9 

1  1  .  lu 

1  4 . 1  h 

4  0.40 

2  0.49 

0  •  7  v 

?  1.5/ 

2i.b4 

24.57 

23  .65 

2 1 1 .  u  4 

2  1  .  7 

2^1 4 Q..  . 

3P.t.&a_  .. 

30  .  ^ 

1  .  i  ' 

i  3 . 40 

34  .45 

i  tj  •  ^ 

3  5.5;' 

7 .5J 

39,27 

39.  r  -< 

i  ‘  ,  t.  - 

•  I-  . 

4  1.17 

4 1.  va 

43.04 

44.06 

>14.3  3 

46.14 

47,ge  . 

4«  » H 

49  .  y  3 

t  V  •  ;  . 

50.74 

51.74 

'■>  2,53 

52  »  7  3 

b  ^  t . 

bpfSii-. . 

_ 

.  . 

V  6  • 

5  7.42 

5ti.9d 

3  9.90 

6  1.03 

o  1  ♦  ^  t> 

b  '‘  i 

6  .  5  U 

64,  t  1 

6  5,15 

t,5  »  o  1 

fl  •  ?  b 
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RL  test  4 

oll 

OK  SIM  UAVSr.  FU\CHurj 


KrtS  VALUi.  OF 

i.il  '  n 

l.li 

0.00 

1.4  b 

1  .  il 

f  .  7  0 

1 

0.9** 

1 .04 

0  .  96 

1,11 

1  •  J  r 

1 

1.07 

1.  J7 

1 .03 

1.15 

1  .  D  '1 

1 

4- 

1.0b 

1.02 

1  -UO 

1  .  1  r. 

1.1 

1 

l.ld 

1.1b 

1.19 

1.15 

1  .1  3 

1 

1.1b 

1.21 

1  .IK 

1  .  1  9 

1  .22 

1 

1.17 

1.21 

1.15 

1.11 

1.1:. 

1 

1.17 

1.15 

1.1b 

1  .  .  1 

1.2.'. 

i 

1.2i 

1.20 

1.19 

1,21 

1.2  1 

1 

1.14 

1.22 

1.2  0 

1  .  l3 

1  .1  :> 

1 

i 

1.20 

1.22 

1.1b 

1.19 

1 .2  U 

1.21 

l.?0 

1.21 

1  .  0 

1  .1  V 

1 

1.21 

1.2  0 

1  .20 

1 . :  b 

1  .  2  i. 

1 

1.1** 

1.20 

1  .IH 

1.22 

1 .  0 

1 

1  .  Irt 

1.19 

1  •  i  c 

1.1: 

1.17 

I 

'-ANJ  OF  Kf'S  = 

1.17’  ’ 

riML  UN  (AkU: 

.  1  (  ■  L  C  5  I 

0.96 

2.01 

3.00 

H  •  i>  :> 

5 . 0  I 

, 

b  .  6  b 

7.  71 

o  •  66 

d  .  '4 

1  0 

1  l.bH 

12. b3 

13.64 

1  3  .  ..b 

1  >* .  w 

, 

1  6  «  0 

17.10 

1.  .14 

lb,  1. 

1  .  ,  9  ■; 

L  •' 

20.06 

21.09. 

2  2  .  ■;? 

i 

24.44 

25.44 

2t  .02 

2b.  ‘t  ‘  ' 

2  / .  1 

,  2T.bg _ 

3  H  .  b2 

33.52 

.Al.b4 

6  •  1  ^ 

.  / 

-5  6  ♦  0 

3  . '  .  -'i  1 1 

5  -  .9  5 

^  6 . 9  4 

3  9  .  t 

4  j  ,  n,-. 

si  •  St) 

*4  1  .  ^  7 

* 

>♦3.11 

44.06 

4  3.12 

^3.  19 

T  >  .  u  2 

47.9ci 

4  fa.  31 

4  ?  ,32 

4  ♦  ,  i’  < 

tj  1  •  7  0 

32.  74 

D  o  •  U  7 

T-i  •  / 

■3  •-  .  j  2 

06.34 

57.37 

5.i^_0>J 

■,M.  7  3 

■3  -  ,  7 

' 

61.02 

6  2.06 

6  •  0  Q 

b  3  .  il 

t.  s  ,  (j  * . 

6  o  .  0  1 

6  7.03 

67.72 

0  7^  .  ■  1 

b  ^  .  7  7 
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RL  test  5 


■<  ULL 

OF  SINF  -AVES  FUNCnorJ 


l<MS  VALE 

i  uK  1  6  i<  1, 2 

1.11 

0.00 

1 .12 

U  •  }  Lt 

L«  t  .■* 

1 

0.96 

0.96 

I  .  1  1 

1.0, 

1  .Id 

1.11 

0 ,9'^ 

1  .  1  1 

1  ,  u  <• 

1.08 

1 .05 

1  .00 

1  .  IJ  •> 

1.11 

0  .9h 

i.05 

1 .09 

1  .  u  7 

1  .  1  .5 

1.11' 

1.  Od 

1.09 

1  .  Uv 

1.11 

1  .O'D 

1  .12 

1  .06 

1.11 

i  .  1  2 

1.15 

1 .12 

1.11 

1.03 

1.11 

1.15 

1.12 

1.10 

1.10 

1.15 

1.15 

1.17 

1 .16 

1.12 

1  .  It 

1.15 

1.  lA 

1.1); 

1  .  lo 

1.16 

1  .I-* 

1.  It 

1  .  1  A 

1.14 

1  .  1 

1  .Id 

1.13 

1  .  Id 

1.13 

1.1- 

1.15 

1.15 

1.17 

1  .  1-. 

1  .1  ■> 

1.17 

1  .  14 

1  .lb 

1.17 

1.1c 

OF 

1.12 

• 

TIMl  Of; 

lAilGET  (SECd) 

0 .51 

1 . 65 

2  .HI 

S  •  V. 

4.7, 

5. ‘3  1 

6.69 

7  .‘31 

8  •  ■>‘1 

U'il 

1  1  .?1 

12.26 

13.21 

1-i,  i)L> 

1  ‘r  ,  3  1'. 

16.-55 

17.16 

16.25 

19,20 

2  u  ,  1  V 

21  .5? 

22,29 

2  5.52 

2  4  .  3  ui 

2  4  .  .5  7 

25. ‘30 

2o.  ‘32 

2  7.33 

2a  .  7 

2  a  .  6  7 

5  0.65 

31.36 

3  2.42 

33  .  •♦3 

5  3,0’’ 

5  b  .  *♦ ,') 

56.52 

3  7.02 

3a .  0  2 

3  .  0  3 

'i  0 . 2 .5 

4  1.19 

4  2.19 

4  2  .  6  2 

4  5 . 2  3 

hH  m2H 

^  5  •  <-'  {3 

4  6.0 1> 

•♦7.15 

H  2.00 

‘♦‘3.22 

49. 5H 

DO  ,4 ‘3 

‘■'1  ,d2 

D  '  .  0  1 

5  5.27 

54.27 

55,31 

5D  .  D  7 

5  i-  .  6  7 

5  5,02 

d9,04 

t-Q.O? 

i-l»06 

1. 1 V 

62  .<♦« 

63.55 

6  4  .Do 

o5  .  •♦  0 

0  !'  •  0  t> 

66.65 

67.23 

6  6  .26 

ti9  •  ^ 6 

7  0,31 

{ 
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HL  lesit  o 


i>LL 

iJM  OF  SJMI  UAytb  FUNCTION 


KM9  V’Lut  OF 

lK  ('  .M' 

1.13 

1.37 

1  .'♦^ 

1.4/ 

1  ' 

_ . I.2'L_ 

..  .L.ll . 

1.17 

1.0; 

1  . 

0.9B 

1  .11 

1  .  UO 

1  .  j  1 

1.0b 

1  .-02 

1  ,  0  L> 

1  .  J  9 

1.0  1 

1  .O') 

1  .  Od 

1 .07 

1  .  o7 

1 . 0 

1  .O'i 

1.09 

1  .OF 

1  .  U.1 

1  .  L'  ■ . 

1.0  t 

1.10 

1.02 

I .  Ih 

1  .Lit, 

.  -  .Ix-hL _ 

1.10 

1 ,  j/ 

.1,11 

1 .0-^ 

1.10 

1.07 

1  •  U  '  j 

1.0,- 

1.11 

-  lt.U 

1 . 0 

1  .  OM 

1  .0  V 

1  .oy 

1.11 

1.13 

1  .  J  9 

1.08 

1  .i-* 

1.10 

1.0" 

1.10 

1  .  1  0 

1.10 

1.12 

1  .IH 

1.10 

1.11 

i.il _ 

_ 

_ I...  IP . -  . 

1  .  12 

1.10 

1.11 

1.12 

1.10 

1.12 

1.11 

'It.AN  uF  H^.Z- 

1 .09 

TIM;.  UN  TARbt 

T  (  -iElC'  ) 

0  j  .3  ^ _ 

_ ..  .  . 

3  »  u 

.“I  .1  H 

C.20  ' 

7.2b 

»  .28 

9.24 

11.?  4 

1  1  .t.b 

12. o6 

1  3  •  t3  b 

1  4  .  C-  •, 

r  .  71 

1  /  .  7  1 

la.o't 

19.41 

'  2  .  1 1 

2  1,-iJ 

22.9fi 

.23. '♦3 

24,40 

•  ,  >1  / 

2'..2  / 

2  7.<»2 

2b,  ‘.1 

2v  .39 

3  0.  “t  0 

3  1.42 

_  y^jjb _ 

.  ,..3  4.3.'' 

.  y.‘ 

3  ‘  .  0 

3  7.77 

3  b  .  B  2 

3  9. ‘>3 

4  U  .  -1  ^ 

4  1  .  0  7 

'‘3,13 

'♦A  .72 

•*9.  12 

4  ,1-.  ‘• 

'♦.1.32 

'♦9.31 

9  0.37 

■)1  ,  32 

n  2 . 3  2 

b  .!»  .  S  3 

•3.3, 7  9 

■j  9 .78 

‘,9  .  7 4 

V  0  . 1  ;■ 

3  7.92 

bd.91 

9  '  .92 

‘  0  .  tv 

V  1  •  9 

..  P  i  _ 

_ 4- 1  .  O  '-  _ 

f  b  ,  11 

3,12 

6  7*61 

bd.  ‘♦7 

i)  9  .  L 

70  .  -.2 

7  1.83 

7.5.0.i 

7  3.87 

7  4.92 

7t:.  .  93 

7  1,  ,  8  ■ 

RL  test  7 


kOLL 

>UM  or  SIM'  w  AVESFUNC  rIO^ 


HMS  VALUr  OF 

FKli  .  H 

2,7‘i 

2.2b 

1 .70 

1  .  7 

1  •  b  6 

1  ,‘»U  _ 

_._i*i  3  _ 

1  .70 

.  1  .  1 

1  .  A  , 

i  .b‘. 

i  .b  2' 

1  .  bCi 

1  .A  . 

1 

1.^7 

1.66 

1 . 6  A 

1  .  t. 

1  *06 

i.uy 

1  .67 

1  .  {.A 

1  .  b  0 

l.bO  ■ 

l.b3 

1  .03 

1  .  ol 

1  .  b  y 

1.70 

1  .  o6 

1  .66 

1  .  D  3 

1  .  t  M 

1 .61 _ 

1  .  b  b 

1  .bb  _ 

_  1 .  1 

1  •  6  ‘i 

fiibO 

l.bO 

i’.bi 

1.62 

1 . 3  y 

1 .5*^ 

1 .60 

1  .6A 

1  •  6  A 

1  .  u  7 

1  .S'* 

1 . 6  << 

1.6b 

1  .  b3 

I  .6  2 

1  .6.-? 

1 .  by 

1  .62 

1 . 1 

1.6? 

l.faf. 

1.6b 

1  .66 

1  .  t  b 

1.6  a 

1  .  (>  ^ _ 

1.0? 

1  .bi 

1»6.? 

1  .b. 

i.6Lj 

1  .bb 

1.63 . 

1.6*. 

1  .  6  M 

1  OF  KKb- 

l.bl 

'■  • 

TIME  ON  IAFl 

^  :  'ECbJ 

.  C  .  0  0 _ 

O.bl 

_ l_;.7y . 

-  •  7  b 

2  .  o  1 

'  b .  ij  y 

b  «  6 

b  .  6  4 

6  . 

7, Ob 

S  .  0  V 

y.by 

y  .61 

10.  70 

11.31 

12. ‘♦o 

12. yo 

12  .y-:. 

13.  .iU 

1  M  .  b  1 

Ib.Oi 

15. 2^ 

16.2<< 

17.13 

1  ■  .  1  3 

1-9.21 

ly.bi 

l  y .  7b 

2  0  .  A  0 

2  1  .  b  3 

4.1 

__2  2i6ri _ 

. 23.66 

.60 

■'■•bf 

2  6.67 

2  7  .  ‘i  c 

.0.13 

?  J  .  1  i 

i'j,2P. 

J  0  *  6  ^ 

1  .  0  H 

3'^.  O'- 

33.70 

3^ .  Ob 

A  3 . 0  0 

ib  .  -3  2 

3  i  .07 

3  D  .  6  b 

5  7.  !•< 

3  6 . 1  .• 

1  7 

M  .1 

‘t  1  ,oy 

<<  1  .  j  7 

•<1  .Hi 

m2.  ',b 

A 

*♦  A  .>13 _ 

<<<<.06 

_ H  b ,.  1  •<„  , 

_  A  i)  •  1  7 

M  !  ,  ' 

‘<6.22 

^  'J  .  2  1 

A  u  .  6 1 

'  A  y  .  6  1 

)  t  .  -J  V 

b  1  .  1 1 

b  1 . 6  3 

b  2 . 3  3 

b2  ,  ^  3 

b  '  .  A  2 
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RL  test  8 


K  CLL 

SUM  OF  SINE  yAV£S  FUNCTION 


KMS  VALUt  OF 

L  8  K  „ 

0.00 

2.10 

1.11 

1.5/ 

1  .32 

1 .19 

1.24 

_  i  .  1. 7 

1  ,  o:.' 

1  .8  1 

l.'il 

1.49 

1  .55 

1  .  44 

1  .  4 

1 

1.47 

1.48 

1  .  52 

1.49 

1  . 

1.41 

1.39 

1  .  -^l 

1.4  1 

,1.35 

1.42 

1  .40 

1  .  4  1 

1  .  3  .• 

1.39 

1.38 

1  .39 

:  .  4l 

1  .  3  .9 

1 .48 

1.49 

_ 

1.45 

1.50 

1.48 

1.55 

1.48 

1  .  4  H 

1.5  0 

1.53 

1.51 

1 .51 

1 . . .  1 

1.5  0 

1.48 

1.50 

1.50 

1  •  T  tv 

A  •  A 

1.4'^ 

1.49 

1  .51 

1  .  4b 

1  .  4  ■; 

1.47 

1 . 46 

1.49 

1  . 

1.4:, 

1.47 

1  ♦  -<6 

1  ,  4h 

-  »  M 

1  .  4  - 

1.40 

1.46 

1  .47 

1.4b 

1.45 

■:AN  of  k8S  = 

1.45 

f  I  H  J  oU  r  Art  u  t 

1  ( L  C  ) 

0.9ti 

1.80 

_ _ /.Ob 

5  .  . 

-.11 

•  O  i 

6«I  5 

6.28 

7.  1)5 

8  .88 

9. 14 

9.35 

1  G  •  i' 

11.04 

11.78 

12.09 

13.10 

14.11 

1  ‘1  •  n  *  ■ 

15.91 

lb.  34 

lb.  40 

1  /  .  4  5 

1  7.  ,  M  '  * 

19.59 

2  0.26 

2  0  •  b  c' 

21.;  9 

t  *00 

23.44 

..2_5.9i. 

2  4  .4L 

■.'4 .49 

4 . 4  f 

2  5.08 

25.52 

2  5.  b  U 

i.  6  •  b  ^ 

2  t  • J 

2  8.47 

28.75 

2  9.74 

0  0  •  0 't 

3  1  .  0  1 

31.67 

32.12 

3  2.95 

33 . 8. 

3  4  ,  V 

3  8 . 5  4 

•5  6  •  o  5 

3  7.60 

3  4  . 

3  .  b 

4  0.63 

4  0  .  b  7 

4  1.72 

U2  •  ^  b 

4  .  7  ' 

44.98 

45.06 

^  '1  •  U  fj 

47  .  :  4 

4  7.5  o 

4  8.61 

49.11 

4  ^,47 

5  0  .  L.  2 

5  1  .  5  tj 

52.53 

b  3  •  7 

5  3 . 3 1> 

5  4.  Id 

5  5.17 
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RL  test  9 

KOtL 

SUM  Ot  SINE  UtVCS  FUNCTIurj 


KMS  VAUUt;  OF 

CKK  2K 

1.9d 

1.37 

1.12 

0  .  7d 

1.22 

- ,  _ 

.  -  .  J  .2  ."  .  . 

:  -  1  1 

i.2-. 

1  .27 

1.11 

1.31 

X  ...  1 

l.lH 

1.22 

1.2S 

1  .21 

1.23 

1 . 2  > 

1 .31 

1.25 

1  .33 

1  .  3i 

1  .  2  ■.• 

1  .  ^40 

1 . 5 

1  .8fa 

1  .  H  0 

1  .H  1 

1  .4t0 

1.82 

1.80 

1  .  52 

i  •  n  w 

_ 1 J  i3 _ 

— UAl.- 

_ _  _L»  ^*2.. 

1  •  '9 

...1.81 

1.4«1 

1.82 

1  .3o 

1.81 

1.8  1 

1 .3'i 

1.3  8 

i  .  'i  1 

1  .  .2 

1  .H  7 

1.4»2 

1 . 82 

1  .Hi 

1  .  H  1 

i  .  .5  ;> 

1  .<(5 

1.83 

1  .82 

1  •  ‘t  4 

_  1  .8  3 

1  .  4)13 

1.88 

1  .  HH 

1  .  -,8 

i  •  *1 M 

_ 

...  -Ls.'Li^. 

1  .H2 

1  •  ^ 

1  ‘ ' 

1 

1 . 8H 

1.8  3 

1  .  H  .' 

X  • 

MllAN  OF  hfSi 

1  •  ^  0 

1 JMc  UN  TAtU 

i  (  2  L  C  \  ) 

Qt^l  _ 

_ filii-fe-. 

.^.08  ,  ..  . 

2  .  H 

'  ♦  t  • 

'4 .  it 

5.39 

6.8  1 

7.  Hi 

.“.0  1 

9.68 

10.86 

11.63 

12.28 

1  2 . 7  C5 

13.73 

18.31 

15.33 

15.73 

1  .  2 

17.58 

1  7  .  78 

18  .2tt 

19.  1  ‘.4 

17.7  ■.; 

20.09 

20.75 

21.77 

22  .  7d 

2  3.0  .7. 

25.0? _ 

_  f*  i>  #  0 1..' 

2  7  .  . 

.27.1  ■ 

26.58 

29.08 

3  'J  •  u 

,5u  .  -5 

3  1.!. 

32,2^ 

.  32,-b7 

-53,63 

33 . 

3  8.8 

3U  .  15 

3o.  /9 

3  7.28 

37.  52 

3  7.77 

3  9,82 

.80,23 

H  1  .<H 

H  2  .  3 1 

8  5.01 

A3.9M 

88,58 

8  5  .  5  V 

86.22 

H  13  m'J  7 

-  ‘1  7*6fe_  - 

_ ?t9  tta 

50.33 

5  0 . 8  ■; 

51.9<* 

32.68 

t>  3  *37 

4/  3  •  <’ 

*>  •')  v  ' 

b  t«  •  b  1 

5  6.  1  6 

57.17 

5?  .  3H 

5  '7 . 6  H 
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RL  test 

10 

KOLL 

SUM  OF  SlUE 

yAVES  function 

KMS  VALU-'  OF 

l.li 

2.10 

4  •  ti  Ai 

1  .  -.7 

1 

1.3‘j 

1.2A 

_  l^j^b 

1.31 

1  .  3  : 

1.^/ 

1.26 

1  .ic 

1.21 

1  .  2  .1 

1.2b 

1  •  il 

1.13 

1.13 

1.1b 

1.17 

1.  lb 

1.1b 

1.1b 

1.13 

l.lH' 

1.1b 

1  .It- 

1.12 

1.1/ 

I.ISJ 

1.  lb 

1.19 

1 . 1 

1.21 

1.1b 

1 .20 

_ L*lJl _ 

1  •  lb 

N;’n 

1.17 

1.17 

1  .  1  0 

1.1b 

1.1- 

1.18 

1.17 

_1»16 

1 . 1-J 

1.17 

1 .2U 

1.19 

1.13 

1.17 

1.17 

l.lr) 

1.1b 

1.17 

1  .  2-j 

1.17 

1.15 

1.1b 

1 .16 

1  .  1 1> 

1.19 

1.16 

1.1b 

_ l.i,19. 

1.16 

: .  1  b 

'  lii  r 

1.  IH 

1  .  Il- 

1  .  1-. 

1 . 1 

mean  of  n/S 

-  1.1b 

" 

TIME  UN  lAKGt 

I  (SECS) 

. 0..  61. 

J 

_ 

b.^1 

- 

b  .  b 

1.1 

7  .  -I  7 

■  ■..0  ■ 

b.33 

10, 2« 

1  1 . 0  H 

11  .  Uj 

1  2  .  f- ; 

1  A  .6b 

1  b  •  6  b 

1  '0  .  fa  t) 

1  7.  s  3 

1  b.-ib 

1  b.B*. 

2  0 . 79 

.  .  ;n«ib 

2  1  .  S  j 

2  I  .  r.  1 

2  •  b  b 

2b  .6B 

2  b  .  3 

2  1 .  •  ■  - 

3  5.07 

_ 12^2! 

3B .  Uri 

_ 4Q.ilc _ 

3b. 07 

.5  0  ,  -iO  , 

3tJ .  7 1> 

3  1.5/ 
3  t-  .  •!  b 

3'i,o2 

.  39. 5^ 

A)  . 

9  . .  1  :■ 

<♦■3.^8 

♦♦0.37 

9  7.  li  6 

9  /.7b 

<t  b  .  7 1> 

‘♦9.81 

b  (J  •  b  A 

1  .  9  C 

1  •  0 

D3.b3 

J  ♦(  .  D  8 

bb  .  <«<• 

bb  .  1  7 

O  •  *  1 

5  o  ,  3o^  _ 

b  3 . 3  2 

. 

.  03 

_ _ cPj32  _ 

b  b  .  0  1 

u  0  ,  '>1 

6b.  :.3 

L  b  •  S  K 

b  B  .  b  2 

69  .‘♦2 

7  0.21 

/  0  .  j  6 

1  1  •  C  1 
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RL  tes  t  1  1 


S  DLL 

SUM  OF  SI,,E  WAVES  FU.VCTIO'J 


KMS  VALUt  OF 

t.  K  a  1  ii 

2.70 

1.92 

1  .70 

1  .  1  7 

1  .  ..  7 

1.20 

1 .  ‘to 

1.30 

_ i.‘!3  . 

’  .  '  u 

i 

l,iH 

1.61 

1.37 

1  .  7 

1.2' 

A  •  .  '  V 

1 .2tJ 

1 . 26 

l.lb 

1.13 

1  .  1  t 

1  .  0 

1.17 

1.23 

1.17 

1  .  .'2 

1  .1  •- 

1 . 1't 

l.ls 

l.lb 

1.17 

1  .  1  V 

1.17 

..17 

1.17 

1.2  1 

1.19 

1  •  i  U 

1.17 

1  .  W 

1 .10 

1  .  Id 

1.17 

1.1' 

1 .  n 

..17 

I.ID 

1 .19 

1.1^ 

l.lb 

1 . 1 

1 . :  0 

l.lb 

1.17 

l.lb 

1  .  1  6 

1  •  ^  i 

1.1, 

1  .la 

1.  19 

1  .  1  o 

1.17 

1.1.- 

1 . 1 

1 .  la 

1.17 

1.19 

1  .  1  •• 

1 .  r. 

*  •  i  ■ 

1.20 

1.16 

1  .!*♦ 

1.17 

1  .2  u 

i .  1  - 

1 .1  a 

1.19 

1.21 

1 .  r- 

1.1 

i  .  i  . 

l.l  J 

i.ia 

1  .Ih 

i.  •  1  it 

1 . 1 

i  •  ‘if. 

1  f.  A N  OF  b  F  a  = 

1.20 

riMF  UN  fAdO 

bl  (.TCS) 

0.1  ■> 

1  .  2b 

2  .2  3 

3  .  .  1 

•(  .  2 

■  ...  1 

S.li 

b  *  1  6 

7.29 

7  .  'ifa 

C  •  ■, 

10.93 

1  1  .0? 

12  .  o.- 

1 

*1  •  i 

l-j.Sa 

16.09 

1  7  •  0  b 

Id  .  O’’ 

1  .  1  2 

.  .  1 

20. '♦fa 

21  .  39 

2  2 . 3*^ 

2  3  .A  0 

.  .  '  ' 

2o.3  ♦ 

26.39 

2  b  .  6  > 

27.  :,6 

2  :: 

2  ,.  7‘. 

2  9.27 

3  0.27 

3  1.26 

32  .  ••.  0 

7  7  ?  , 

.>  X  •  V  J 

'  -t  •  / 

3  6.32 

36.06 

3  7.04 

3  7.74 

3  7.9 .  ■ 

' 

3  a .  <(  V 

39.29 

‘♦0.30 

■(  1  . 

1 

^  ‘  7 

‘♦3.07 

'♦*♦  .  3b 

*♦6.16 

4b.  1  6 

4  7  .  c'  2 

-  7  .  ■  b 

‘♦7.09 

‘(6.39 

4  9 . 3fa 

■..0  .  :■!. 

6  0  .  V  • 

\  •  (\ 

62  .b7 

63.fa3 

64.12 

6b  .  12 

brl.L  V 

>  .  J  ' 

6  7.31 

6  d  .  32 

69.32 

bO  .  ■'  1 

15  U  •  T 1  i 

•  1  .  ■  '  • 

62.53 

o  ^  •  t>  b 

fa2.91 

O  b  •  b 

fa  6  .  !)  / 

■  ■(  .  1..  l; 

ao  •  i:t 

6  6#  b 

b7.  37 

t-  b  .  ■♦ 

t  J  •  V  M 
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HL  lest  12 


■1  >^LL 

iUM  01  SIKL  -(ivts  FUNCTION 


KMS  VALUi  OF 

c  R  K  : 

1  .I** 

1.57 

1.10 

0.97 

3  . 1-.  - 

1  .O.-i 

O.'ib 

0 . 9h 

1  •  U  n 

1  -•  0  0 

1  .D^ 

0.9b 

1.05 

0  .  *)8 

1  .  0  ‘1 

1 .0  j 

1  .  Ob 

1  .05 

1.05 

*.7  •  ‘ 

1  .o: 

1.09 

1  •U'l 

0  .  •  4 

i  »  0  ■  ■ 

1  .Oo' 

1 .07 

1  .  Jv 

1  .  ei  7 

1  •  b  ■* 

1  .01) 

1  .  Cib 

1  .Ot, 

0  .  ;9 

1.09 

1.0^ 

._A*  lib 

V.C5  . 

1  .  .K  . 

1.3' 

1*11 

1 . 09 

1.06 

1.0-'. 

J  *  ■  ) 

1.0-5 

1.00 

1  .  0  D 

1  .  M  .5 

1  .  U 

1.0^ 

1.05 

1.03 

1  .  u  -• 

1  .  0  u 

1  .o: 

1.01 

1.05 

1  .  o.' 

i  •  b  1 

1.05 

1.02 

1  .02 

1.22 

1  .C2 

1.01 

1  .  Ou 

1  .39 

1  •  *.t  V 

1.0- 

1.05 

1  *  Ut) 

1.09 

1  .  Ul 

i  •  U  *9 

IlAN  of  ^1*0  = 

1.05 

riMt  ON  TAkO' 

T  1  ■,  C  C ;  ) 

0  .FI 

5  .  •.i9 

^  •  tl ' 

0  .  bb 

7.bi 

8.99 

S  •  u 

10.  . 

1  1  .  ri  b 

12.bb 

15.81 

It . 

1  -..-I" 

1  /.bl 

lb.  Jb 

19.68 

20  .  -7 

2  1.--  -t 

2  5.'bS 

25.87 

.92 

2  ‘0  .  ■?  0 

J  -  ♦  ' 

29.52 

2  9.9u 

50  . 

5  1.9  7 

5  i  1.19 _ 

_ ^.6.,  9 '• 

•  7  ■ 

-  5  .  3  C 

“I  0 . 0  0 

91.06 

•♦2 .0‘t 

*9  i  •  ij  H 

9  4 . 0  ( > 

^6.15- 

..9  1,12. 

9  .  O'? 

M  9  ,  12 

-)  0  .  3  ■' 

j2.05 

J  2  •  t}  1 

t)  J*  •  O  t 

\)  4  •  D 

'J  '  •  o 

D  I  .  u  7 

6  b,  bb 

6-?.  72 

bO  .  72 

‘1.7. 

Q  S  m  I  ^ 

o9 . 66 

b  .  b  0 

7J  It  •  ‘"■7 

f  *  ■')  ■ 

..  -- sJ^i.5 _ 

U— 

_ lL.b7 

71  .  ib 

7;  ,67 

7-1.92 

75.  j2 

7i.  .Ob 

7  7  .  J  i. 

7  8 . 3 

I'i  .ba 

b  0  .  <•  0 

;)  U  .  9  7 

'  1  .  1 

;< .  .  2  i; 
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RL  test  13 

•< 

Or  S1\L  d  A  Vt.-'r  FU'«  n  ON 


^  M S  V  L Li  j  Oh  I  f 


I  •  tlo 

1  .  iH 

1  .H4 

1  .  .V/ 

1  . 1  . 

1 . 1 1 

.  . 

.  liLZ. 

_  .  1*1/ 

1  .  ‘  1 

1  f  0 ' 

.♦ ,  • 

1 . 1 

1.13 

1.11 

1  .  „/ 

1  •  J  't 

i  •  1  ‘l 

1  .Oo 

1.0b 

1  •  1  0 

1.11 

1.11 

1.11 

l.Oi. 

1.11 

1  .0'/ 

1.1.. 

*.  •  J 

X  •  L  ' 

i .  1 1 

1  •11 

1  .  1 2 

1.12 

1  .  J  • 

1.1:^ 

1.12 

1.0) 

1  .  lb 

1  .  i  ^ 

1 .  -  ^ 

.  ijlv_ 

_ Li-LQ.. 

_ L.IJ1 

.  1 . :  1 

4  »  i  - 

i  *  1 

i  ■  0 

1  .  1  u 

1.0'/ 

i  • 

^  •  U  .'7 

i  -  .'  ■ 

^  •  0  >-> 

1.10 

1  .o'- 

1.11 

■.11 

1.0/ 

1 .  Ub 

1.10 

1  .  Jr. 

1  .  u  • 

i  •  1  tj 

1  .  O  -r 

1  •  O'/ 

1  .11 

1  .  .7 

1.0' 

1  .  J  ti 

1  ■  'J  ti 

1.11 

1  .  ,1  J 

i  •  J.  ^ 

^  1  ■ 

l-o.i... 

,  _  ijl-V-Z. 

l.t.0  2 

1  .  ■  / 

1 .  ■ 

1 

1.0a 

1  .  o7 

1  .Oh 

1  .  2  1. 

A  •  W  J 

i  J  f  ;<  ^  ^ 

:  1.0/ 

TlHi  ON 

IAkCl  I  ♦  ■  ‘'.C'  ) 

_ LL:'.ti 

.  .  ,  w  f  ?  ,’> 

<  .  . 

f  ' 

.) .  7  tj 

b  •  ‘  J 1 

7 .05 

ti  •  • 

7 

.  .  .  1  ■ 

1 1 . 1 J 

12.15 

12.7'* 

15  .  -.b 

1  •.  .M  ■ 

i  b  .  S  '/ 

17.2b 

1  7  .  c  b 

1  0  • 

1  ,  .  b  . 

2  1.?'/ 

2  <^  •  2  5 

2  ?  .  ■/  0 

w  5  .  J  *• 

’•  •  ‘ 

•• .  ■  ■' 

j  •  fc  ^ 

26.  '!*♦ 

2  /  .  5  5 

t.*'  u 

*.  •  v.'  ‘I 

- 

_ -. 

. 

.  .  52.  ./ 

.■> .  b 

'  .  0 

J  D  . 't  b 

5b.  A9 

5t  .92 

5  7..- 

i 

'♦0.87 

41. 59 

42.57 

“♦  5  .  -  1 

4  ■ ,  •, 

'•  •  ■.'*  1 

0  .  b  b 

Hb  •  4  1 

4  7.40 

•*i)  .  4  5 

4  -)  .  •♦  . : 

0  •  “T  ■ 

■j  1  .  H  t 

.•72*12 

■j  5  .  H  4 

•j  •).■♦.. 

.  ,  . 

b  3 . 0  2 

bb  •  b'7 

D  7 .55 

'rO  •  *1(5 

•  /> 

•  t 

i^lsLJ  .  . 

_ _ Ute 

.  U 

D  V  # 

■  .  ,.l 

0  7.U5 

;j  8  «  C  tJ 

“J  .  U  tj 

70  .  1  / 

7  1  .  J 

•  7 

7  ?  .  5i 

75.2b 

7*1  ...b 

/  0  •  J' 

1 

.  ’ .  1  / 

I 
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HL  test  14 


ClL 


JM  OK  SINt. 

-A/L9  FU 

N  2  r  1  u  19 

K9S  VALUt  OF 

'.R  h'  ■  >  r* 

1.12 

1.07 

1.71 

1  .  ^9 

__  .  UU_  -  _ 

.  .  -  UJ;!-. 

_ 1,-05 _ 

1  .  .9  1 

1  . 1  'J 

1 . 1 1 

1  .07 

L  '  9 

1 .1/. 

1  .  Go 

1.10 

1  .  b  f' 

0.9i 

1 . 09 

1.0^ 

i  .  .)  7 

1  .Oi  ■ 

1  .  07 

1  .07 

1  .  bO 

1  .  Of. 

1  .  Ub 

1  .00 

1  .  u- 

_ _ 

_ i-Lii- 

_ .  .. 

y  ,  ■ .  •• 

0 

1.02 

1.0b 

1  . 

1.01 

1,  oo 

1  .Oj 

1.1 

1.0  6 

1.09 

0.9') 

1  .  uO 

1  .  O'* 

1  .  02 

1  .  vl  1 

1  .  '  1 

1.01 

1 . 0-j 

1  .  u  f 

1  •  J  -5 

..  _ 

_ Uii.'i.. 

_ _  ,.  1  •  0  t' 

1  .  -  ^ 

1  .0  0 

1  .  GO 

0  .  O'  e 

i  .  0  j 

lAhI  of  KfS- 

1.0b 

I  1 M  0  ON  I  A r  6  ►. 

1  (  9LC 

.  ...  _ 

_ .. 

_ ..  .  , 

.2  t  9') 

•4.95 

•5.9** 

0.9c 

7 .  4 ,9 

1  U  .  9 ') 

12.00 

10.01 

19  ,  l,  1 

1  tu  .  2  u 

17.0b 

18.09 

lb  .  i; 

2  0,19.. 

-  2  9,.  19 

b  5  ,  1  2 

2  /  .  b  0 

2  rt  .  2  7 

2  f  .20 

00  .  b'9 

_ 

_ J  *1 , 0  t!_ 

_ ,ii.Q9 

io,  0** 

09  .li 

9  0.10 

9  1.12 

•«2  .  1  1 

^*4  ,LCi 

9  b  •  b  9 

9  ^  V 

9  7,  .7 

99.80 

bO.KZ 

bl  .'ll 

‘)2  .  f. 0 

.  0  ‘J  »  b  9  .  . 

bt>,  u2 

■j/.09 

b  8  f  0  0 

b  1  .  0  4 

0  .  .  bO 

D  2  .bO 

f.O.  ;0 

.  iib.faii _ 

_.a2^2... 

_ _ 

-9 . 22 

71.72 

7  2.77 

70  .80 

79  .  75 

09 


SF  test  1 


^  JLL 

3u«  or- SI  .VC  y  Avrs-njvcTior; 


K  S“n7  s 

Lur  -  SF'tKHOK 

' 

4.  •  *1  < 

3.23 

1  . ' 

1 

1 

1 

»— * 

• 

- 1  .^92 - 

- - 7712 - 

--  2.  m 

-  -  T-.-'f7 

1  .  '>8 

1  •  ^  u 

1  •  J 

1  .  - 

“1.31' 

■  "  I. 'ft  8“ 

1  .B9 

■  1  . 

'  1.77 

1  .Ub 

l.h3 

1  .oi 

1  •  Vj 

\.l'. 

1.81  - 

- 1  .-82- 

- - 

1  .  C 

■  1 V7  /  ■ 

1  .  a  0 

1  .  «  2 

1  .  ft2 

1.7.' 

i  .  7  V 

- 7-1 

Trfv 

- 

A  •  9.) 

1  •  ^ 

1.33 

1  •  G  ^ 

1  .ai 

I  •  ■-  J 

1 .  ft  j 

-  1-.8C  - 

- r.TT 

- l-.-s:5 - 

— 1  .  '  j 

— 1 .  ft  '1 

1.33 

i  m  a  6 

1  .tJ2 

i  .  7  > 

1  .  7  ft 

-  -1.7V-- 

- 1  .-f  y 

■  1 V? 

-  1 .7v 

•  •  1  . 3  i 

1  »  !j  “t 

1 .  tib 

1  .hi 

1  .  U’ 

i  1 

- 1  .'cTl' — 

- l.jrb"’ 

l'^7i  f 

i  .  h  'J 

i  . 

1  *  i>  t' 

1  •  *>o 

1  •  C' 

■.'.FAJJ  OF 
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